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The compound 5,0-dily dro-8-hydroxy-9-methoxy-1/1,7H-benzolif |quinolizine-1,7-dione (4a)
was synthesized from 3-(1 d-dihydro-6,7-dimethoxy-4-oxo-l-quinolyl)propionic acid (3a, [ree

base), involving spontaneous demethylation with ring closure. The structural assignment of 4a

was based on an analogous, unequivocal synthesis of 5,0-dihydro-9-cthoxy-8-hydroxy-111,711-
benzo[if Jquinolizine-1,7-dione hydrochloride (4b).

The benzo|ij Jquinolizine ring structure is basic to the
Lycopodium family of alkaloids (1), as illustrated by
Lycopodine. There are four known ring isomers of the
benzo|if |quinolizine (BQ) system, namely Ui L5
LH7H-; and 1 8H-BQ (2,3,4). The present work covers
the synthesis of 5,0-dihy dro-8-hydroxy-9-methoxy-1/1,71-
benzo|if |quinolizine-1,7-dione (4a) and the assignment
of structure,

CHa

N N

Z

Lycopodine VLT8O

Compound 4a was synthesized in a three step sequence
(Scheme 1y starting with 6,7-dimethoxy-4-quinolinol (1a)
(5). The alkylation of 1a with acrylonitrile by the method
of Colonge and Guzot (6) gave only 340,7-dimethoxy-4-
oxo-1-quinolyl)propionitrile (2a), the structure of which
was proven by infrared spectral data. The nitrile 2a was
readily hydrolyzed to 31 ,4-dihydro-6,7-dimethoxy-4-oxo-
t<quinolyl)propionic acid hydrochloride (3a).  Milder
conditions of the hydrolysis of 2a gave the intermediate
propionamide 8. The ring closure of 3a (free base) in hot
PPA occurred with concurrent demethylation to give the
monomethyl, monohydroxy ketone 4a, which readily
formed an oxime derivative (10).

The question of possible ring closure of the acid 3a on
the 2-position of the quinoline (versus the 8-position to
give 4a) was resolved by a comparison of the nmr-spectra
of 3a and 4a.

Although the structure of the cyclization product was
supported by elemental analysis and by the infrared and
nmr spectra (see Experimental Section) the question of

the relative positions of the 8,9(hydroxy,methoxy) groups
remained unresolved.  Demethylation in an analogous
cyclization was previously reported (7); ring closure of
cthyl-1,2,3,4-tetrahy dro-6,7 -dimethoxy -2-methyl- | -iso-
quinolinepropionate to  2,3,9 Ya-tetrahydro-6-hydroxy-5-
methoxy -1 -methyl- 1 -benzo|d,e [quinolin-7(8Hone oc-
curred, and demethylation was reported ortho to the
generated ketone.  Hence compound 4a was tentatively
assigned the 8-hydroxy-9-methoxy structure 4a.

In order to establish the structure of 4a unequivocally,
the compound 3«1 ,4-dihydro-0-cthoxy-7-methoxy -4-oxo-
F-quinolyl)propionic acid (3b, free base) was chosen as a
model for ring closure with PPA (Scheme ). Thus ring
closure of 3b, with demethylation at position 8, would
give 5,0-dihydro-9-cthoxy -8-hydroxy - 171 -benzo] ij |-
quinolizine-1,7-dione (4b, free base).

An unambiguous synthesis of 3b was carried out in
sequence (Scheme 1), starting with nitroveratrole. The
4-cthoxy-3-methoxynitrobenzene (7) was prepared through
nucleophilic  displacement by ethoxide ion on nitro-
veratrole (6) (8).

nitro group ol nitroveratrole was displaced has been sub-

That the methoxy group para to the

stantiated through the studies of Oliverio on the lability
of the ortho- and para-positions ol nitroanisoles relative to
the stability of the meta-position (9).

In the reaction sequence (Scheme 1y the quinoline 1b
was prepared by well established procedures (10). Con-
version of 1b to 2b was performed as described above.

The sequence (Scheme 1) was completed with ring
closure of the model compound 3b, which gave the ex-
pected quinolizine-1,7-dione 4b with the 9-cthoxy-sub-
stituent in place. The structure 4b was supported by
elemental analysis and by infrared and nmr spectra (sce
Fxperimental Section).



850 GoCoWright, T ). Sehwan and NC ). Miles

SCHEME 1
OH o ¢}
g N
ReO CH, CION, N RO S00 101 CHR0
Y | ) > N HC
Ro L - o =
7 N R0 N CHy0 N
| )
CH,CH.CN H
,CH, CH,CH,CONH,,
WK, R, 25 K, K, CH, 5

bl o H R OH, b Re M Ry CHYL

b
S

Daoss herm A

$07 101

OH
GO Y Y Co0H 1 Nalco
- g :
l | ci - —>
o L . AN
E N
|
5 CH,CHCOOH
3. K, R, CH, 4a. B, CH,
b K, Gl By CH, b K, H,

1 NaOIE(H, 0y, A
20 el

OH

20 CH 00 GO0 Hy ),
8 CALOH, 7 Y

CHG T Y DY CooGH, b e G ey g 7
s ! s © aon 2 honL Giion ©Ha30
CH,O P D T N hooa |
0 N A 7 X ) 20,2 CH,0 -\ A N,
6

SoDowherne, 2008

Sinee eleavage hasheenshown to occur at the 8-position

during cyelization ol 3b to 4b, by analogy the product of

ring closure ol 3a has been assigned the 8-hydroxy-9-
|||1'l|m\) structure 4a.

EXPERIMENTAL

tnfrared speetra were oblained with a Perkin-Elmer Infracord
137 and nmr spectra were determined in hexadeuterodimethyl-
sulfoxide using tetramethylsilane as an internal standard on a
Varan A-00A spectrometer. Melting point data were oblained
on a Fisher-Johns hot stage and are uncorreeted.

346, 7-Dimethoxy-t-oxo-1-quinoly)propionitrile (2a).

To a mixture of 0,7-dimethoxy-d«uinolinol (1a) (5) (200 g.,
0.97 mole) and acrylonitrile (1200 ml) was added sodium (2.0 g.,
0.0087 g-atom) at room temperature, with mechanical stirring.
The reaction mixture was heated (steain bath) for 2.5 hours and
subsequently stirred overnight at room temperature.  The solid
from the cooled erystalline mixture was collected by filtration
and washed well with 2-propanol and ether, m.p. 194-195° yield:
240 . (96%); ir (Nujol) i 6.13 (C- O): 442 (C=N).

lnal. Caled. for Gt 4N, O30 C, 65.10; 1, 5.46; N, 10.85.
Found: €, 05.38; T, 5.57; N, 11.03.

341,4-Dihydro-0,7-dime tho xy -4-oxo- 1 quinolypropionic Acid ty-
drochloride (3a).

A mixture of 28 (378 g., 1.46 moles) and concentrated hydro-
chlorie acid (1500 ml.) was heated (steam bath) for 2 hours, with
mechanical stirring, The mixture was added 10 cold water (2000
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ml.), and then stored al room temperature overnight. The crystal-
line solid was collected by filtration and washed with 2-propanol
and ether; yield, 480 g Reerystallization of the product (80 g.)
from methanol gave 38, m.p. 255-257°, yield: A7 g. (01%); ir
(Nujol) gz 6.16 (C-0); 5.80 (COOI): nmr (8): 2.94 and 490
(pair triplets, CH,CHy); 3.90 and 4.05 (singlets, 2CH30); 7.22
and 8.60 (pair doublets, ,|2’3 - 7.0 £ 0.1 Hz, CH-CH); 7.37
and 747 (singlets, 2 aromalics); 7.97 (lwo deuterium oxide-
exchangeable protons).

Anal. Caled. for G4 sNOgs-HCE: €, 53.59; HL, 5.14: N, 4.47.
Found: (., 53.50; H,5.15; N, 4.51.

5,0-Dihydro-8-hydroxy -9-methoxy - L1711 -benzol ij fquinolizine -
1,7-dione (4a).

A mixture of 38 (683 g. 2.18 moles) and water (1000 nil.)
was treated with a solution of sodium bicarbonate (190 g., 2.20
moles) with rapid stirring.  The mixture was stirred al room
temperature for 3 hours, stored overnight, and filtered.  The
resultant crystalline 3@ (free base) was washed with saturated
aqueons sodinm chloride (4000 ml.), 2-propanol, and ether, m.p.
108-120°, yield, 487 g. (81%).

To PPA (3900 g.) at 60-70° was added 3a (free base, 487 g.,
1.70 moles) over a | hour period with mechanical stirring. The
reaction mixture was heated (steam bath) at 92-94° for 7 hours,
cooled 1o 00-70° and poured into a slurry of ice (9000 ml.) and
waler (2500 ml) with moderate stirring. The yellow erystalline
solid was collected by filtration and washed with water (1.5 L),
2-propanol (1 1) and ether.  Recrystallization of the product
(239 ) from 2% hydrochloric acid (1 1.) gave 4a; m.p. 224-220°,
yield: 184 g. (68%). A sccond reerystallization from 90% N,N-
dimethylformamide (methanol) gave analytically pure 4a; m.p.
250-258% ir (Nujol) = 0.12 (C- 0, 7 position); 6.19 (C-0, 1-
position); no O- absorption at 3.0-3.2; nmr(8): 3.07 and 4.35
(pair triplets, ClLCHy);, 3.81 (singlet, CH30): 596 and 7.72
(pair doublets, 4|2’3 - 7.7 £ 0.0 Hz, CH-CH); 7.56 (singlet, |
aromalic).

Anal. Caled. for Cy3Hy NOg: C, 03.07; H, 4.52; N, 5.71.
FFound: (., 63.80; I, 1.05; N, 5.06.

31, 4-Dihydro-6,7-dimethoxy-4-oxo-1-quinolyl)propionamide Hy-
drochloride Hemihydrate (5).

A mixture of 2a (105 g., 0.41 mole) and concentrated hydro-
chlorie acid (600 ml.) was stirred al room temperature for 6 hours,
and then stored overnight. The erystalline product was collected
by filtration and washed with 2-propanol and ether; m.p. 161}-
104°, yield, 77 g. (58%). Reerystallization from methanol (500
ml.) with charcoal gave 5, m.p. 158-160°, yield: 23 g. (18%);
ir (Nujoly i 6.07 (CONL,); 6.20 (C-0); 3.0 (NH,, broad).

Anal. Caled. for CiaH; Ny Ogq-HCHAHL, O C, 52.206: H, 5.64;
N, 8.71. Found: C,52.24; 11, 5.88; N, 8.54.

5,0-Dihydro-8-hydroxy -9-methoxy - 1HH,7H -benzo| i) | quinolizine-
1,7-dione 7-Oxime ( 10).

A mixture of hydroxylamine hydrochloride (124 g., 1.78
moles) and water (200 ml) was treated with 10% sodium hy-
droxide (313 ml.), 4a (124 ¢g., 0.51 mole), and methanol (500 ml.).
‘The reaction mixture was heated at 85-90° for 1.5 hours, stored
for 2 hours with stirring, and filtered. The resultant produet was
washed with water (250 ml.), 2-propanol (60 ml.) and ether; m.p.
3307 dee., yield, 102 g (76%); ir (u): 6.20 (C=0); 3.21 and
3.30 (O-H).

Anal. Caled. for C13H;2N204: C, 60.00; H,4.05; N, 10.77.
Found: €, 060.17; H,4.03; N, 10.27.
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1-Ethoxy-3-methoxynitrobenzene (7).

A solution of nitroveratrole (200 g., 1.09 moles) in ethanol
(2500 ml.) and 10% potassium hydroxide (200 ml.) was refluxed
for 57 hours. The solvent was evaporated under reduced pressure;
the residue was dissolved in water (2000 ml.) and neutralized with
concentrated hydrochlorie acid.  The product was collected by
filtration.  Reerystallization from 2-propanol gave 70 m.p. 84-85°

[lit. (8) m.p. 85-80° ], yield: 173 g. (80%).
Ethyl 0-Ethoxy-1-hydroxy-7-methoxy-3-quinolinecarboxylate (8).

A mixture of 7 (35.0 g., 0.18 mole), 10% Pd/C (2.4 g.) and
ethanol (200 ml.) was subjected 1o hydrogenation for 1 hour: a
pressure drop of 90% of theory was observed.  The  reaction
mixture was filtered of catalyst, and the resultant solution was
treated with diethyl ethoxymethylenemalonate (39 g., 0.18 mole)
and refluxed in a nitrogen atmosphere for | hour. Solvent was
removed under reduced pressure, Dowtherm A (11) (250 ml.) was
added, and the solution maintained at reflux until all the ethanol
produet was distilled.  The reaction mixlure was cooled over-
night and the resultant tan solid was collected by filtration and
washed with hexane; mup. 277-285°, yield: 45.8 g. (87%). Threc
recrystallizations from N, N-dimethylformamide gave analytically
pure 8; nwp. 292-294°

tnal. Caled. for Cy5H;7NOs:
Found: ¢, 61.45; 1L 5.81; N, 4,99,

C, 61.85: 1, 5.88; N, 1.81.

o-Lthoxy-4-hydroxy-7-methoxyquinoline-3-carboxylie Acid (9).

A mixture of 8(254 g., 0.88 mole) and 10% sodium hydroxide
(400 ml) was refluxed for 19 hours.  The hol solution (treated
with charcoal) was filtered, cooled in an ice bath, and treated
with concentrated hydrochloric acid (100 ml.). The product was
collected by filtration, m.p. 254-255°, yield, 120 g. (52%).

Anal. Caled. for Cy 3l 3NOs: €, 59310 11, 4.98; N, 5.32.
Found: (€, 59.29; H,5.09; N, 5.53.

o-Ethoxy-7-methoxy-k-quinolinol ( 1h).

To Dowtherm A (1004 ml.) at 235-240° was added gradually 9
(120 g., 0.46 mole). The mixture was then refluxed tor 2% hours.
The reaction mixture was cooled and the product was collected
by filtration and washed with hexane; mop. 233-236°, yield, 70 g.
(70%:).

The hydrochloride of Tb was prepared by treatment with
agueous hydrochloric acid in methanol.  Recerystallization from
methanol gave an analytical sample, m.p. 274-275°.

Anal. Caled. for Co Hy 3NO5-HCL: €, 56.36; H, 5.52; N,5.149;
Cl, 13.87. Found: €, 56.32; H,5.54; N,5.56; Cl, 13.91.

341.,4-Dihydro-6-cthoxy-7-methoxy-t-oxo-l<quinolyl)propionitrile
(2b).

The compound was prepared from 1b by the same method as
employed in the synthesis of 2a; m.p. 286-288°, yield, 40 g. (34%).

Anal. Caled. for C sH{gN2O3: €, 66.106; 11,5.92; N, 10.29.
Found: €, 66.36; H, 5.98; N, 10.47.

3-(1,4-Dihydro-6-cthoxy -7 -methoxy -4-oxo- [ -quinolyl)propionic
Acid Hydrochloride (3b).

The compound was prepared from 2b by the sume method as
employed in the preparation of 3a; m.p. 252.255°, yield, 05 g.
(100%); ir (Nujol) g: 585 (COOH); 6.10(C-0); nmr(s): 1.47
and 4.20 (triplet and quartet, CH3CHy); 4.08-4.32 (coalesce with
cthyl quartet, ClI30);  3.03 and 5.02 (pair triplets, CH,CHy)s
7.37 and 8.84 (pair doublets, J2 3 - 0.9 £ 0.1 Hz), 7.54 and

5,0-Dihydro-8-hy droxy-9-methoxy-HLTH-benzolif Jquinolizine-1,7-dione 851

-

7.03 (singets, 2, aromatic), 11.87 (broadened, 2, COOH and NIH).
Anal. Caled. for Cy 511 7NO5-HCE: C, 54.97: 11, 5.54; N, 4.27.
Found: (., 55.07; H,5.52; N, 4.37.

5,0-Dihydro-9-cthoxy-8-hydroxy-111,711-benzol ij |quinolizine-1,7-
dione Hydrochloride (4b).

The free base of 30 was prepared as follows: A cold mixture of
3b (36 g, 0.11 mole) and saturaled aqueous sodium chloride
(400 ml.) was treated with sodium bicarbonate (10.1 g., 0.12 mole)
with hand stirring.  Intermittent stirring was continued over |
hour, then the product was colleeted by filtration and washed with
saturated aqueous sodium chloride (25 ml.), ice water (3 x 15 ml.),
2-propanol (2 x 20 ml.) and cther; yicld, 42 g.

A mixture of the finely ground free base of 3b (37 g.) and
PPA (400 g.) was heated (steam bath) for 6 hours, stored al room
temperature overnight, and then added to ice (1.1 1.) with stirring.
The aqueous solution was neutralized with 50% sodium hydroxide
(170 ml) at 15-35°. The resultant phosphate salt was collected by
filtration, washed with cold water (5 x 20 ml.), and then treated
with 10% hydrochloric acid (105 ml) with cooling. The hydro-
chloride salt was collected by filtration and extracted with hot
methanot (3.5 1), Coneentration of the extract to a volume of
200 ml., with subsequent storage in the refrigerator, gave 4b;
m.p. 225-228° yield, 10 g (31%); ir (Nujol) gz 6.00 (C- O,
7-position);  6.11 (C O, l-position); 3.2 (OH, very weak); ir
(ehloroform) u: 6.12 (C- 0, 7-position); 6.27 (C=0, I-position);
3.0 (O, broad); nmr (8): 1.42 and 4.19 (triplet and quartet,
CH3CHL): 3.22 and 4.70 (pair triplets, CHaCH, ), 6.80 and 8.40
(pair doublets, Jo 3 6.9 £ 0.1 Hz, C11- CH); 7.68 (singlet, 1, aro-
malic).

Anal. Caled. for Cigtl; 3NOg HCl: C, 56.86; H,4.77; N, 4.74.
Found: C, 50.45; H,4.78; N, 4.52.
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(1'1) Dowtherm A is the tradename for the euteetic mixture of
diphenyl ether and biphenyl from the Dow Chemical Company.



