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The heartwood of Liriodendron tulipifera has previously
yielded two antimicrobial alkaloids, liriodenine (1) and
dehydroglaucine (2),! and two nonbasic noraporphine alka-
loids, one of which has been identified as (+)-N-acetylnor-
nantenine (3) by direct comparison with an authentic sam-
ple.? A structure for the second alkaloid was tentatively as-
signed as (+)-3-methoxy-N-acetylnornantenine (4) based
on spectroscopic evidence.? A total synthesis confirming
this assignment has now been achieved.

Decomposition of w-diazo-3,4-methylenedioxy-6-nitro-
acetophenone (5) in the presence of 2,3,4-trimethoxy-3-
phenylethylamine (6) and silver oxide afforded the crystal-
line amide 7. Compound 7 was smoothly cyclized in the
Bishler-Napieralski reaction using phosphorus oxychloride
in acetonitrile to the dihydroisoquinoline 8. Reduction of 8

3 R=H 5
4,R = OCH;
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with sodium borohydride and acetylation with acetyl chlo-
ride produced the N-acetyl derivative 9. The NMR spec-
trum of 9 clearly showed signals for each conformer which
is characteristic of hindered rotation in 1-benzyl-1,2,3,4-
tetrahydroisoquinolines.? Reduction of 9 with zinc dust and
sulfuric acid gave 10, which upon Pschorr cyclization fol-
lowing the method utilized by Weisbach and Douglas? gave
(£)-3-methoxy-N-acetylnornantenine (4) which gave TLC,
NMR, solution ir, and MS data identical with those of nat-
ural (+)-3-methoxy-N-acetylnornantenine (4).

Experimental Section

All melting points were determined on a Thomas-Hoover Uni-
melt and are uncorrected. The infrared spectra were taken on a
Perkin-Elmer 257 or Beckman IR-33 infrared spectrometer. Ele-
mental analyses were performed by Scandinavian Microanalytical
Laboratory, Herlev, Denmark. NMR spectra were recorded on a
Jeol C-60HL spectrometer using deuterated chloroform as solvent
and Me4Si as internal standard, with chemical shifts recorded in &
(ppm) units. Uv spectra were obtained in methanol on a Beckman
Acta I1I spectrophotometer. Mass spectral data were obtained on a
Du Pont CEC 492 spectrometer.

N-(2,3,4-Trimethoxy-p-phenylethyl)-3',4'-methylenedioxy-
6’-nitrophenylacetamide (7). To a solufion of 7.2 g of w-diazo-
3,4-methylenedioxy-6-nitroacetophenone (5)° in 75 ml of dry ben-
zene at 60° was added, with stirring, a solution of 7.4 g of 2,3,4-tri-
methoxy-3-phenylethylamine (liberated from 8.5 g of hydrochlo-
ride salt, obtained from Aldrich) in 30 ml of dry benzene and 513
myg of freshly prepared AgoO. The suspension was stirred at 60° for
0.5 hr and then an additional 300 mg of AgsO was added, followed
by 1 br of refluxing. After cooling, the solution was concentrated
under reduced pressure to remove most of the benzene and then
dissolved in boiling acetonitrile, filtered through Celite while hot,
and evaporated to dryness to leave 10.2 g of amide 7. Crystalliza-
tion from acetonitrile gave 9.1 g: mp 181-182°; ir (KBr) 3300 (NH)
and 1645 cm™! (C=0). )

Anal. Caled for CooH22N20s; C, 57.40; H, 5.30; N, 6.70. Found: C,
57.33; H, 5.27; N, 6.89.

1-(3',4'-Methylenedioxy-6'-nitrobenzyl)-5,6,7-trimethoxy-
3,4-dihydroisoquinocline (8).6 Amide 7 (300 mg) was dissolved in
20 ml of acetonitrile at 60° and with stirring 3 ml of phosphorus
oxychloride was added. After 2 hr at 60° the solution was evapo-
rated under reduced pressure to give a red gum which yielded 77
mg of 8 upon crystallization from alcohol, mp 144-145°, Chroma-
tography of the mother liquor on silica gel using benzene-acetone
(8:1) as eluent gave an additional 69 mg: NMR (CDCls) & 7.43,
6.95, and 6.85 (1 H each, PhH), 5.98 (2 H, s, OCH»0), 4.30 (2 H, s,
NO,PhCH.C==N), 3.87 (3 H, s, OCH3), 3.80 (6 H, s, OCH3), 3.55 (2
H, dd, J = 8, 8 Hz, C=NCHyCHjy), 2.58 (2 H, dd, J = 8, 8 Hz,
—-C=NCHyCH,).
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Anal. Caled for CgoHgoN2O7; C, 59.98; H, 5.04; N, 6.99. Found: C,
59.72; H, 4.99; N, 6.72.

1-(3',4’-Methylenedioxy-6’-nitrobenzyl)-2-acetyl-5,6,7-tri-
methoxy-1,2,3,4-tetrahydroisoquinoline (9). Dihydroisoquino-
line (8, 1.11 g) was suspended in 150 ml of methanol and with stir-
ring 800 mg of sodium borohydride was added in portions over 30
min. After an additional 1 hr the pH was adjusted to near pH 5
with acetic acid. After removal of all solvent under reduced pres-
sure the residue was dissolved in CHCl3, washed with dilute base
and water, dried, and evaporated to dryness to give the tetrahydro-
isoquinoline as a white solid. This was immediately dissolved in 30
ml of pyridine and treated with 8 ml of acetyl chloride. After 3.hr
at room temperature, the solution was treated with dilute base and
extracted with CHCls. The combined organic layers were washed
with 2% HCIl and then water, dried over NasSQy, filtered, and
evaporated to dryness under reduced pressure. The residue was
chromatographed over silica gel using benzene—acetone (8:1) as the
eluent and afforded a yellow oil which crystallized from methanol
to give 840 mg of 9: mp 159-160°; ir (CHCl3) 1630 cm™! (C==0);
NMR (CDCl3) § 7.66 and 7.53 (1 H total, s, PhH), 6.87 and 6.75 (1
H total, s, PhH), 6.63 and 6.57 (1 H total, s, PhH), 6.18 and 6.12 (2
H total, s, OCH:0), 4.00-3.83 (9 H, OCH3), 2.02 and 1.62 (3 H
total, s, NCOCH3y).

Anal. Caled for CogHoyNoOg; C, 59.44; H, 5.45; N, 6.30. Found: C,
59.13; H, 5.49; N, 6.25.

1-(3',4'-Methylenedioxy-6'-aminobenzyl)-2-acetyl-5,6,7-tri-
methoxy-1,2,3,4-tetrahydroisoquinoline (10). A 94-mg sample
of 9 was suspended in 50 ml of methanol and with stirring 0.5 g of
zinc dust was added slowly followed by 2 ml of 1 N HoSO4 added
dropwise. The suspension was stirred for 30 min at room tempera-

ture, filtered, adjusted to pH 8 with NHj, and then evaporated to

dryness. The residue was taken up in CHCl;, washed with water,
dried, and evaporated to dryness, leaving a residue which was fur-
ther purified by chromatography over silica gel. Elution with ben-
zene-acetone (8:1) and crystallization from alcohol gave 55 mg of
10: mp 189-190°; ir (KBr) 3440, 3350, 3240 (NHy), and 1630 cm™!
(C=0).

Anal. Caled for CooHggN2Og: C, 63.74; H, 6.33; N, 6.76. Found: C,
63.38: H, 6.31; N, 6.77.

(£)-3-Methoxy- N-acetylnornantenine (4). A 56-mg sample
of 10 was added to a solution of 0.58 ml of glacial acetic acid and
0.04 m] of concentrated sulfuric acid at 10° and allowed to warm to
20°. A solution of sodium nitrite (11.6 mg in 0.1 ml of HyO) was
added and the solution was stirred at 20° for 50 min. The solution
was allowed to warm to room temperature and then 1 mg of sul-
famic acid, 0.5 mg of cuprous chloride, and 1.2 ml of acetone were
added and the solution refluxed for 30 min. After cooling, the solu-
tion was concentrated to about 3 ml, adjusted to pH 8.5 with
NH,40H, and extracted with ether (5 X 10 ml). The combined ex-
tracts were dried and evaporated to give a yellow gum which was
chromatographed over silica gel. Elution with benzene-acetone
(8:1) and crystallization from alcohol gave 7 mg of racemic 4, mp
174-175°. The synthetic product had the same Ry values in four
TLC systems, the same NMR, uv, and mass spectra, and superim-
posable ir (CHCl3) spectra as that of natural 4.

Acknowledgment. This work was supported in part by
a Faculty Research Grant, University of Mississippi, and
the Research Institute of Pharmaceutical Sciences, School
of Pharmacy, University of Mississippi. The authors are
grateful to Dr. Stephen Billets, Research Institute of Phar-
maceutical Sciences, School of Pharmacy, for determining
the mass spectra.

 Registry No.—(+)-4, 57236-56-3; 5, 57196-56-2; 6, 3937-16-4; 7,
57196-57-3; 8, 57237-60-2; 9, 57196-58-4; 10, 57196-59-5.

References and Notes

(1) C. D. Hufford, M. J. Funderburk, J. M. Morgan, and L. W. Robertson, J.
Pharm. Sci., 84, 789 (1975); liriodenine was originally isolated from L.
tulipifera by M. A. Buchanan and E. E. Dickey, J. Org. Chem., 25, 1389
(1960), and the structure established by W. . Taylor, Tetrahedron, 14,
42 (1961).

(2) C.D. Hufford and M. J. Funderburk, J. Pharm. Sci., 63, 1338 (1974).

(3) G. Fraenkel, M. P. Cava, and D. R. Dalton, J. Am. Chem. Soc., 9, 329
(1967).

(4) J. A. Weisbach and B. Douglas, J. Org. Chem., 27, 3738 (1962).

(5) D.H. Hey and L. C. Lobo, J. Chem. Soc., 2246 (1954).

(6) Attempts to cyclize this amide using the Bishler-Napieralski reaction
under a variety of condictions (POCl3-CHCI; or toluene; PCls-CHCl3 or
CCly; PPE~CHCl3) were unsuccessful. These results are consistent with

Notes

several other reported fallures,”-® although PPE-CHCI3 has been suc-
cessful with other related compounds.®-'% The superior solvent charac-
teristics of CHgCN in effecting cyclodehydration have been noted.!’
(7) M. P. Cava and M. V. Lakshmikanthan, J. Org. Chem., 35, 1867 (1970).
(8) R. W. Doskotch, J. D. Phillipson, A. B. Ray, and J. L. Beal, J. Org.
Chem., 36, 2409 (1971).
(9) K. S. SohandF. N. Lahey, Tetrahedron Lett., 19 (1969).
(10) M. P. Cava, M. V. Lakshmikantham, and J4. M. Mitchell, J. Org. Chem.,
34, 2665 (1969).
(11) S. Teitel and A. Brossi, J. Heterocycl. Chem., 5, 825 (1968).

Revision of the Structure of the Bisindole
Alkaloid 14,15'-Dihydropycnanthine,
A Carbon-13 Nuclear Magnetic Resonance Study!

Philippe Rasoanaivo and Gabor Lukacs*

Institut de Chimie des Substances Naturelles,
Centre National de la Recherche Scientifique,
91190 Gif-sur-Yvette, France

Received July 15, 1975

We wish to describe a 13C nuclear magnetic resonance
spectral analysis of the previously reported bisindole alka-
loid 14/,15’-dihydropycnanthine (1)2 and present evidence
for the necessity of structural revision to 2.

CH,00C

From the leaves of Gonioma malagasy Mgf. et P. Bt.?
has been isolated a bisindole alkaloid [mp 247°; [«]??D
+243° (¢ 1.4, CHCly); m/e 614] [lit. mp 250°; [«]2D +274 +
10° (¢ 0.442, CHCIl3)] whose spectral characteristics (mass,
IH NMR, uv, and ir) have indicated that it was identical in
eyery respect with 14/,15’-dihydropycnanthine (1) having
decarbomethoxy 14/,15’-dihydrovindolinine and 2,7-dihy-
dropleiocarpamine moieties.24

The structure of the decarbomethoxy 14/,15'-dihydrovin-
dolinine unit of 14/,15-dihydropycnanthine (1) had been



