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Abstact: 2, 3, 11, 12-Tetramethoxy-3b, 4, 5, 6-tetrahydro-8H-7a-aza-benzo[fg]naphthacen-7-one 7 
was synthesized via N-acyliminium ion cyclization of 6-hydroxy-1-(2, 3, 6, 7-tetramethoxy- 
phenanthren-9-yl-methyl)-piperidin-2-one 6 catalyzed by BF3⋅OEt2.  The stereostructure of the 
intermediate, 1-(2, 3, 6, 7-tetramethoxy-phenanthren-9-yl-methyl)-piperidine-2, 6-dione 5, was 
confirmed by X-ray crystallographic analysis.  Compound 7 showed no cytotoxicity. 
 
Keywords: N-Acyliminium ion cyclization, cytotoxicity. 
 
 
Phenanthroindolizidine and phenanthroquinolizidine are closely related groups of 
alkaloids.  Since the first isolation of tylophorine 1 in 1935, these natural products have 
attracted much attention because of their interesting biological activities such as 
antitumor activity1-3.  The obvious problems such as toxicity to nerve system, instability 
and uneconomical synthetical pathways restrict its application.  Kozma reported that 
C-9, C-14 of tylophorine 1 and C-9, C-15 of cryptopleurine 2 were the possible attack 
sites to give complex oxidative products4.  Synthesis of analogue of 1 or 2 has been 
widely studied5 with long synthetic ways and low yields, but the synthesis of compounds 
with five-member ring A of 1 or 2 (Figure 1) was failed. 

Considering above problems, compound 10 and their derivatives were designed in 
order to investigate their stabilities, bioactivities and structure-activity relationship.  In 
the attempt to synthesize 10, along the synthetic route (Scheme 1), surprisingly the 
cyclization of 6 gave exclusively 2, 3, 11, 12-tetramethoxy-3b, 4, 5, 6-tetrahydro-8H-7a- 
aza-benzo[fg]naphthacen-7-one 7.  To our best known, this kind of compound has not 
been reported.  Compound 7 was reduced by LiAlH4/THF at reflux to give compound 8 
with [M+1]+ 394 (ESIMS) (one spot on TLC, petroether:ethyl acetate= 1:1, Rf = 0.45).    
Unfortunately, compound 8 could not be isolated because of unstability, either in solid  
state or in solution of CHCl3.  When 8 was exposed to daylight for a few minutes or 
heated to 40°C by protection from light, it turned into quite complicated mixture. 

Compound 7 showed no cytotoxicity against leukemia, lung cancer and breast 
cancer cell lines in vitro test.  The intermediate 6 may be cyclized to C-10, if the 
aromatic ring C bears electron-withdrawing group.  However, further study is needed. 
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Figure 1 
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Scheme 1 
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Reagents and conditions: (a) LiAlH4/THF, rt.; (b) glutaric anhydride, then acetyl chloride; (c) 
NaBH4/MeOH; (d) BF3.OEt2/CH2Cl2. 
 

2, 3, 6, 7-Tetramethoxy-phenanthrene-9-carbonitrile 36 was reduced to give amine 4.  
4, without further purification, was reacted with glutaric anhydride to afford 1-(2, 3, 6, 
7-tetramethoxy-phenanthren-9-yl-methyl)-piperidine-2, 6-dione 5 (Scheme 1) with 52% 
yield7, which was reduced to afford crude amide 6 as a white powder.  6, without further 
purification, was dissolved in dry CH2Cl2 and then reacted with BF3⋅OEt2 under N2 at 
room temperature for 48 hr, to afford 7 as a light yellow powder with 85% yield8, 9.  The 
structure of 7 was confirmed by NOESY experiment (Figure 3). 
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Figure 2  ORTEP drawing of compound 5    Figure 3  Major NOESY correlations in 7 (right) 

(EtOH was omitted) 
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10.  Compound 5: colorless crystal (EtOH). m.p. 201-203°C; IR (KBr, cm-1) ν: 2922, 1670, 
1512, 1251,1144; UVλMeOH 

max nm: 213 (4.53), 257 (4.91), 287 (4.61); 1H NMR (CDCl3, 400 
MHz): δppm 1.98 (q, 2H, J=6.4 Hz), 2.74 (t, 4H, J=6.4 Hz), 4.02 (s, 3H), 4.07 (s, 3H), 4.11 
(s, 3H), 4.12 (s, 3H), 5.43 (s, 2H), 7.19 (s, 1H), 7.55 (s, 1H), 7.68 (s, 1H), 7.75 (s, 1H), 7.82 
(s, 1H); 13C NMR (CDCl3, 100 MHz): δppm 172.6 (C=O), 149.1, 148.6 (3 carbons), 127.7, 
125.6, 125.3, 124.7, 124.6, 124.1, 108.4, 104.7, 103.2, 102.6, 55.9 (3×OMe), 55.8, 41.0, 
33.0 (2 carbons), 16.9; ESI-MS (m/z): 424 [M+1]+, 446 [M+Na]+; EI-HRMS: (M+) calcd. 
423.1682, found 423.1669. Crystal data: empirical formula, C24H25NO6

.C2H5OH; molecular 
weight, 469.52; crystal dimensions, 0.38 × 0.30 × 0.28 mm;  crystal system, monoclinic; 
space group, P21/c; lattice parameters, a = 11.3534 (15) Å, b = 17.690 (3) Å, c = 13.0636 
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(18) Å; V = 2458.2 (6) Å3; Z = 4; Dcalcd = 1.269 g/cm3; F (000) = 1000; µ(Mo-Ka) = 0.092 
mm-1. 

11.  Compound 7: m.p. 202-203°C; IR (KBr, cm-1) ν: 2942, 2829, 1627, 1470, 1415, 1249, 
1166; UVλMeOH 

max nm: 222 (4.42), 261 (4.77), 287 (4.55); 1H NMR (CDCl3, 400 MHz): δ ppm 
1.59 (m, 1H, H-4a), 1.94 (m, 2H, H-5), 2.38 (m, 1H, H-4b), 2.62 (m, 1H, H-6a), 3.17 (m, 
1H, H-6b), 3.89 (d, 1H, J=14.8 Hz, H-8a), 3.96 (s, 3H, 3-OMe), 4.03 (s, 3H, 11-OMe), 4.11 
(s, 3H, 2-OMe), 4.12 (s, 3H, 12-OMe), 5.20 (dd, 1H, J=10.4, 4.0 Hz, H-3b), 5.94 (d, 1H, 
J=14.8 Hz, H-8b), 7.18 (s, 1H, H-10), 7.38 (s, 1H, H-9), 7.77 (s, 1H, H-13), 7.80 (s, 1H, 
H-1); 13C NMR (CDCl3, 100 MHz): δppm 170.2 (C=O), 152.4, 149.5, 149.0, 145.4, 127.6, 
127.1, 126.7, 126.6, 123.3, 121.6, 119.6, 108.1, 103.4, 103.1, 60.8, 56.8, 56.1, 55.9, 55.8, 
43.1, 32.2, 29.6, 20.0; ESI-MS (m/z): 408 [M+1]+, 837 [2M+Na]+; Found: C, 70.85; H, 6.43; 
N, 3.55. C24H25NO5 requires C, 70.74; H, 6.18; N, 3.44. 
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