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Abstract. 5,6,7,8-Tetrahydro-1,4-acridinequinones were readily prepared by Friedldnder reaction between
cyclohexanone and 2-amino-3,6-dimethoxybenzaldehydes or 2-amino-3,6-dimethoxyacetophenones,
followed by oxidative demethylation. Their Diels-Alder reactions with 1-dimethylamino- 1-azadienes gave
pyrido[3,2-b]acridines in a regioselective fashion. The regiochemistry of the cycloaddition could be
inverted through the introduction of a bromine atom at the C-5 position, to give pyrido[2,3-blacridines.
The latter ring system is a structural fragment common to several polyciclic marine natural products with
antitumour properties, including ascididemin, eilatin and biemnadin. © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

One of the most interesting groups of compounds of marine origin is the family of polycyclic aromatic
alkaloids derived from the pyrido[kl]acridine skeleton.! They have been normally isolated from sponges or
tunicates,? although they have been assumed to derive from associated microorganisms because of the wide
diversity of their natural sources.3 These compounds exhibit very interesting biological properties,!¢4 including
excellent antitumour activities,!e.3.4bd.5 but they are normally isolated in minute amounts and their natural sources
are not readily available. Since these factors have precluded their systematic study, there is a clear need for
synthetic routes to the natural products themselves and to their analogues in order to define the structural
requirements for their biological properties. A common feature found in several of these alkaloids, including
ascididemin,® eilatin,” and biemnadin,8 is a linear pyrido[2,3-b]acridine substructure.

' RS
/N e
90¢
N
(o]}
Ascididemin Eilatin Biemnadin

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(99)00738-3



12638 M del Mar Blanco et al. / Tetrahedron 55 (1999) 12637-12646

Bracher®:10 and other authors!1-12 have studied an efficient route to this tetracyclic system, consisting of the
conjugate addition of o-aminoacetophenones to quinolinequinone followed by acid-promoted cyclization.
However, this method is suitable only for the preparation of the fully unsaturated system. We describe here our
studies on a complementary method that allows the preparation of tetrahydro derivatives of the pyrido[2,3-
bjacridine ring system by combined use of the Friedlinder and hetero Diels-Alder reactions for the construction of
the pyridine rings, and using a bromine atom to direct the regiochemistry of the latter reaction (Scheme 1).
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METHODS AND RESULTS

The brominated aminocarbonyl compounds used as starting materials for the Friedlinder reactions were
prepared as shown in Scheme 2. Treatment of 2-amino-3,6-dimethoxybenzaldehyde 1!3 with bromine in acetic
acid at room temperature afforded 65 % of compound 2 in a regioselective fashion. 2-Amino-3,6-
dimethoxyacetophenone 4 was prepared in quantitative yield by reduction of the corresponding nitro derivative 3,
prepared by nitration of 2,5-dimethoxyacetophenone through a slight modification of a literature procedure.!4 Its
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1 2 [65%)
H3CO  CHj Haco CH3 HaCO  CHyBr  HzCO  CHBrp
ii iior iv ivB O Br o Br O
+ +
NH, NH, NH;
HgCO HSCO H3CO H3CO HaCO
3 4 [99 %) 5 6 7
Conditions % 5 % 6 %7
i 25 21 4
iv 62 3 0

Reagents and conditions. i. Brp, AcOH, r.t., 1 h. ii. Fe, AcOH-EtOH, HCI (cat.), reflux, 30 min.
iii. Bra (1.03 eq.), Et;0, CHCl3, 1 h. iv. Bry (0.9 eq.), Et, O, CHCI3, 15 min.

Scheme 2
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bromination to give § proved troublesome since, as expected, there was interference from the methyl group
adjacent to the carbonyl, leading to mono- and dibromo derivatives at that position (compounds 6 and 7).
Fortunately, we found after some experimentation that use of a slight deficiency of bromine resulted in an almost
chemoselective bromination of the C-5 position of compound 4, affording 5 in 62 % yield.

The Friedlinder reaction!S between aldehydes 1 or 2 and cyclohexanone in the presence of potassium
hydroxide in refluxing ethanol led to tetrahydroacridines 8 or 9 in quantitative yield. Although these conditions
were not suitable for the acetophenone derivatives 4 and 5, we found that the acidic conditions developed by
Fehnel (i.e., acetic acid containing a trace of sulfuric acid!® gave quantitative yields of the tetrahydroacridines 10
and 11, respectively. Oxidative demethylation of compounds 8-11 with cerium ammonium nitrate (CAN) led to
the corresponding quinones 12-15 with excellent yields (Scheme 3).

HyCO R
iii (X = H)
J/i) iv (X Br)
H3CO
Comg. R X Comp. R X Method Yield,%  Comp. R X Yield, %
1 H H 8 H H i 100 12 H H 99
2 H Br 9 H Br i 100 13 H Br 80
4 CHy H i 63 14 CH; H 88
5 CHa Br 10 CH3 H i 28 15 CH3 Br 98
i 100
11 CH; Br ii 100

Reagents and conditions: i. KOH, EtOH, reflux, 18-22 h. ii. AcOH, H,SO4 (cat.), reflux, 2 h.
iii. CAN, CHCIzH,0,r.t., 30 min. iv. CAN, CH3CN, H,0, rt., 1 h.

Scheme 3

The Diels-Alder reactions of 6,7,8,9-tetrahydro-1,4-acridinequinones must show a regioselectivity similar
to those of 5,8-quinolinequinone. In agreement with literature precedent for the latter system,!7.18 the reactions

between 6,7,8,9-tetrahydro- 1,4-acridinequinones and I-dimethylamino- 1-azadienes ought to show a marked
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[Reagents and conditions: i.r.t, 30 min. ii. 110°C, 0.1torr, 2 h. iii. 18 h, r.t. ]
Scheme 4
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preference for the 1,8-diazaanthraquinone regioisomer because of the increased electron deficiency at the carbony!
neighbouring the nitrogen atom. Therefore, in order to obtain the desired pyrido[2,3-b]acridine derivatives, we
required that the bromine atom at C-2 in compounds 8 and 11 caused a reversal of this selectivity. As shown in
Scheme 4, and in agreement with this expectation, treatment of compound 8 with crotonaldehyde
dimethylhydrazone 16! led to a single reaction product which was identified by 'H-NMR analysis as compound
17, presumably arising from elimination of hydrobromic acid from the primary cycloadduct. Aromatization of the
dihydropyridine ring of 17 under thermal conditions led to compound 18 in 35 % overall yield. The related
reaction between bromoquinone 11 and acrolein dimethylhydrazone 1920 gave directly 79 % of the aromatic
compound 20 after 18 h at room temperature. The preparation of 20 has been previously mentioned in a
preliminary communication, in the context of a synthesis of 1,2,3,4-tetrahydroascididemin.2!

In order to confirm the regiochemistry of the above cycloadditions, we studied the reaction of azadienes 16
and 19 with the non-brominated quinones 12 and 14, which was expected to give the opposite regioselectivity.
Indeed, compounds 21 and 22 thus obtained showed different physical and spectral data from 18 and 20,
respectively, confirming the structure of the latter compounds (Scheme 5). The pyrido[3,2-b]acridine structure
thus obtained is not present in the natural products, but is of interest for studies of antitumour activity.
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NMeg o)
Comp. R Comp. R Comp. R R Yield, %
16 CHj 12 H 21 CHy H 28
19 _H 14 CHg 22 H CHy 26

LReagents and conditions: i. R.t., 30 min. ii. EtOH, reflux, 16 h. iii. R.t., 90 min]

Scheme 5

EXPERIMENTAL

All reagents were of commercial quality (Aldrich, Fluka, SDS, Probus) and were used as received. Solvents
(SDS, Scharlau) were dried and purified using standard techniques. "Petroleum ether" refers to the fraction
boiling at 40-60 °C. Reactions were monitored by thin layer chromatography, on aluminium plates coated with
silica gel with fluorescent indicator (Macherey-Nagel Alugram Sil G/UVjs4). Separations by flash
chromatography were performed on silica gel (SDS 60 ACC, 230-400 mesh). Melting points were measured with
a Reichert 723 hot stage microsope, and are uncorrected. Infrared spectra were recorded on a Perkin Elmer
Paragon 1000 FT-IR spectrophotometer, with all compounds examined in KBr pellets or as films on a NaCl disk.
NMR spectra were obtained on Bruker AC-250 (250 MHz for !H, 63 MHz for !3C) or Varian VXR-300 (300
MHz for 'H, 75 MHz for !13C) spectrometers, with CDCl;, as solvent (Servicio de Espectroscopia, Universidad
Complutense). Elemental analyses were determined by the Servicio de Microandlisis, Universidad Complutense,
on a Perkin-Elmer 2400 CHN microanalyzer.
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2-Amino-5-bromo-3,6-dimethoxybenzaldehyde (2)

To a stirred solution of 2-amino-3,6-dimethoxybenzaldehyde 1!3 (446 mg, 2.46 mmol) in acetic acid (10
mL) at 0 °C was added a solution of bromine (400 mg, 2.5 mmol) in acetic acid (5 mL}. The solution was stirred
at room temperature for 60 min, diluted with water (20 mL) and extracted with chloroform (3 x 50 mL). The
organic layers were joined, dried over sodium sulphate and evaporated. The residue was purified by rapid
chromatography on silica gel, eluting with 1:1 dichloromethane-petroleum ether, yielding 417 mg (65 %) of
compound 2, as a yeliow oil, unstable to air, which was used for the next step within a few hours. 8y (250
MHz, CDCl3) 10.18 (1H, s, CHO); 6.85 (1H, s, Hy); 6.73-6.52 (2H, br. s, NH,); 3.81 and 3.77 (6H, 2 s,
OCH3) ppm. 8¢ (63 MHz, CDCl3) 191.70 (CO); 153.69 (Cg); 143.67 (C3); 142.01 (Cy); 117.91 (Cy); 112.04
(C)); 98.82 (Cs); 63.08 (C¢-OCH3); 56.12 (C3-OCH3) ppm.

2-Amino-5-bromo-3,6-dimethoxyacetophenone (4)

A mixture of 5-bromo-2-nitro-3,6-dimethoxyacetophenone!4 (2.734 g, 11.6 mmol) and iron powder (5 g)
was added to a mixture of ethanol (40 mlL.), acetic acid (40 mL), water (20 mL) and 35 % hydrochloric acid (1
drop). The suspension was refluxed while vigorously strirred for 30 min, cooled and filtered through celite. The
filtrate was diluted with water (300 mL) and extracted with chloroform (3 x 50 mL). The organic layers were
joined, sequentially washed with 9 % aqueous sodium bicarbonate (200 mL) and water (2 x 200 mL), dried over
sodium sulphate and evaporated. The residue (2.344 g, 99 %) was identified as analytically pure compound 4, as
a pale orange oil. [Found: C, 61.58; H, 6.60; N, 7.26. C;gH3NOj; requires C, 61.56; H, 6.66; N, 7.17]. Vnax
(NaCl) 3485, 3352 (NH,); 1615 (C=0); 1266 (OCH3) cm-!. 8y (250 MHz, CDCl3) 6.71 (1H, d, J/=8.7 Hz,
Hy); 6.31 (2H, br. s, NH,); 6.03 (1H, d, J=8.7 Hz, Hs); 3.79 (6H, s, OCH3); 2.56 (3H, s, CH3) ppm. 3¢ (63
MHz, CDCl;) 201.16 (CO); 155.15 (Cg); 141.68 and 141.48 (C; and C,); 112.76 (Cy); 111.61 (C)); 95.69
(Cs); 56.11 and 55.32 (2 OCH3); 33.76 (CH3).

Bromination of compound (4)

Methed A, To a solution of the aminoacetophenone 4 (1.342 mg, 6.88 mmol) in ethyl ether (30 mL) and
chloroform (30 mL), at 0 °C, was added a solution of bromine (1.0 g, 6.25 mmol) in ethyl ether (30 mL). The
solution was stirred at room temperature for 15 min, diluted with water (20 mL) and extracted with ethyl ether (3
x 50 mL). The combined ethereal phases were dried over sodium sulphate and evaporated. The residue was
chromatographed on silica gel, eluting with 2:1 petrol-dichloromethane, yielding 175 mg (13%) of recovered 4,
1.161 g (62%) of 2-amino-5-bromo-3,6-dimethoxyacetophenone (5), as a pale yellow oil, and 84 mg (3%) 2-
amino-a,5-dibromo-3,6-dimethoxyacetophenone (6), as a pale yellow oil. Method B. Starting from 246 mg
(1.26 mmol) of 4 and 208 mg (1.3 mmol) of bromine and stirring for 1 h, the yields obtained were: 17 mg (9 %)
of recovered 4, 107 mg (25 %) of 5, 93 mg (21 %) of 6, and 22 mg (4%) of 2-amino-q,q.,5-tribromo-3,6-
dimethoxyacetophenone (7), as an unstable yellow oil.

Data for §: (Found: C, 44.03; H, 4.19; N,4.89. C;gH2BrNOj requires C, 43.79; H, 4.38; N, 5.11]. 8y
(250 MHz, CDCl3) 6.95 (1H, s, Hy); 6.12 (2H, br. s, NH3); 3.81 and 3.73 (6H, 2 s, OCHj3); 2.61 (3H, s,
CH3). 8¢ (63 MHz, CDCl3) 201.47 (CO); 151.08 (Cq); 144.07 (C3); 140.26 (C); 115.93 (C4); 115.17 (Cy);
100.47 (Cs); 61.94 (C6-OCH3); 55.93 (C3-OCH3); 32.07 (CHjy).

Data for 6: (Found; C, 34.12; H, 2.98; N, 4.09. CoH,;Br;NO; requires C, 33.99; H, 3.12; N, 3.97]. 8y
(250 MHz, CDCl3) 6.89 (1H, s, Hq); 6.18 (2H, br. s, NH3); 4.61 (2H, s, CH,Br); 3.82 and 3.77 (6H, 2.s,
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OCH3). 8¢ (63 MHz, CDCl3) 193.60 (CO); 150.47 (Cs); 144.27 (C3); 141.36 (C3); 116.70 (Cy4); 112.43 (Cy);
100.36 (Cs); 62.48 (C¢-OCH3y); 56.13 (C3-OCH3); 37.67 (CH2Br).

Data for 7: 8y (250 MHz, CDCls3) 7.15 (1H, s, CH;Br); 6.90 (1H, s, Hy); 5.95 (2H, br. s, NH»); 3.83
and 3.78 (6H, 2 s, OCHj3) ppm.

Friedlinder reactions. General procedures.

Method A (basic conditions). To a solution of the suitable aldehyde and cyclohexanone (1.2 eq.) in absolute
ethanol (10 mL per mmol of aldehyde) was added a 10 % solution of potassium hydroxide in absolute ethanol (1
eq.). The solution was refluxed under an argon atmosphere for 18-24 h, cooled and evaporated. The residue was
chromatographed on silica gel under the conditions indicated for each case.

Method B (acid conditions). To a solution of the suitable aldehyde in acetic acid (2 mL per mmol of
aldehyde) was added cyclohexanone (1 eq.) and 96 % sulfuric acid (0.1 mL). The solution was refluxed for 2 h,
cooled and poured onto a mixture of 25 % aqueous ammonia (10 mL) and crushed ice (20 mL). This mixture was
stirred for 15 min and extracted with chloroform (3 x 50 mL). The chloroform layers were dried over sodium
sulphate and evaporated, and the residue was chromatographed on silica gel.

5,8-Dimethoxy-1,2,3,4-tetrahydroacridine (8)

Method A was used, starting from compound 1 (398 mg, 2.2 mmol), with 18 h reaction time followed by
chromatography eluting with chloroform. Yield, 534 mg (100 %) of 8 as pale yellow crystals. {Found: C, 74.21;
H, 6.83; N, 5.68. C\sH7NO; requires C, 74.09; H, 6.99; N, 5.76]. Mp, 84 °C. vy« (KBr) 1266 (OCH3) cm-
1. 8y (250 MHz, CDCl3) 8.11 (1H, s, Ho); 6.73 (1H, d, J=8.4 Hz, Hg); 6.55 (1H, d, /=8.4 Hz, Hy); 3.93 and
3.84 (6H, 2 s, 2 OCH3); 3.12 (2H, t, J=6.4 Hz, Hy); 2.89 (2H, t, J=6.4 Hz, H,); 1.94-1.75 (4H, m, H, and
H3). 8¢ (63 MHz, CDCl3) 158.54 (C4,); 148.75 (Cs); 148.11 (Cg); 138.70 (Co0a); 130.50 (Cyy); 129.69 (Co);
120.34 (Cg,); 105.29 (C7); 102.26 (Ce); 56.65 and 54.61 (2 OCH3); 33.64 (Ca); 29.10 (Cy); 23.04 (C3); 22.76
(Ca).

7-Bromo-5,8-dimethoxy-1,2,3,4-tetrahydroacridine (9)

Method A was used, starting from compound 2 (169 mg, 0.65 mmol), with 22 h reaction time, followed by
chromatography eluting with chloroform. Yield, 209 mg (100 %) of 9 as pale yellow crystals. Starting from 260
mg (1.0 mmol) of 2 and using method B, a yield of 202 mg (63 %) of 9 was obtained. [Found: C, 56.01: H,
4.93; N, 4,48. Cy5H6BrNO; requires C, 55.94; H, 4.97; N, 4.35]. Mp, 118 °C. vmax (KBr) 1208 (OCH3)
cml. 8y (250 MHz, CDCl3) 7.94 (1H, s, Hy); 6.92 (1H, s, Hg); 3.92 and 3.85 (6H, 2 s, 2 OCH3); 3.07 (2H,
t, J=6.4 Hz, Hy); 2.92 (2H, t, J=6.0 Hz, H)); 1.96-1.76 (4H, m, H; and H3). 8¢ (63 MHz, CDCl;) 158.77
(C4a); 151.62 (Cs); 145.33 (Cg); 138.08 (Cja); 132.21 (Coy); 129.42 (Cy); 123.21 (Cgp); 110.82 (C7); 110.07
(Ce); 61.48 and 56.09 (2 OCH3); 33.59 (C4); 29.19 (C1); 22.89 (C3); 22.59 (Cy).

9-Methyl-5,8-dimethoxy-1,2,3,4-tetrahydroacridine (10)

Starting from compound 4 (273 mg, 1.4 mmol) and using method A, a yield of 101 mg (28 %) of 10 (pale
yellow crystals) was obtained after a 24-h reflux and chromatography eluting with chloroform. Starting from
1.950 (10 mmol) of 4 and using method B, a yield of 2.562 g (100%) of 10 was obtained. [Found: C, 74.51;
H, 7.54; N, 5.31. C16H|gNO; requires C, 74.73; H, 7.39; N, 5.44]. Mp, 108 °C. vyax (KBr) 1255 (OCH3)
cml. 8y (250 MHz, CDCl3) 6.74 (d, 1H, J=8.5 Hz, Hg); 6.60 (d, 1H, J=8.5 Hz, Hy); 3.92 and 3.79 (2s, 6H,
2 OCH3); 3.11 (m, 2H, Hy); 2.77 (m, 2H, H)); 2.68 (s, 3H, CH3); 1.86-1.81 (m, 4H, H; and Hj). ¢ (63
MHz, CDCl3) 157.50 (C4y); 150.83 (Cs); 149.07 (Cy); 142.99 (Co); 139.24 (Cj0a); 129.65 (Coa); 120.54 (Cga);
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105.00 (C7); 104.00 (Cg); 55.87 and 55.68 (2 OCHj3); 34.75 (Ca); 27.17 (Cy); 23.39 (C3); 22.56 (Ca); 17.71
(CHy).

7-Bromo-9-methyl-5,8-dimethoxy-1,2,3,4-tetrahydroacridine (11)

Starting from compound 5 (600 mg, 2.19 mmol) and using method B, a yield of 734 mg (100%) of 11, as
off-white crystals, was obtained. [Found: C, 57.32; H, 5.11; N, 4.18. C;sH3gBrNO; requires C, 57.18; H,
5.35; N, 4.16]. Mp, 137 °C. Vpax (KBr) 1207 (OCH3) cm-!. 8y (250 MHz, CDCl3) 6.95 (1H, s, Hg); 3,.93
and 3.67 (6H, 2 s, 2 OCHs3); 3.05 (2H, m, Hy); 2.76 (2H, m, H,); 2.68 (3H, s, CH3); 1.85-1.80 (4H, m, H,
and Hj). 8¢ (63 MHz, CDCl3) 157.52 (Cy,); 151.68 (Cs); 146.65 (Cg); 141.11 (Cog); 138.50 (Cjpa); 131.20
(Coa); 122.85 (Cga); 113.11 (C7); 110.00 (Cg); 61.01 and 56.05 (2 OCH3); 34.49 (Cy); 27.03 (Cy); 22.99 (C3);
22.56 (Cy); 15.73 (CHjy).

Oxidative demethylations. General procedures.

Method A. To a solution of the suitable 5,8-dimethoxyacridine derivative in chloroform (10 mL per mmol
of substrate) was added a slolution of cerium ammonium nitrate (3 eq.) in water (2.5 mL per g of cerium
ammonium nitrate). The biphasic system was vigorously stirred for 30 min and was then diluted with water (1.5
times the volume used to dissolve the oxidant) and extracted with chloroform (3 x 50 mL). The combined
chloroform layers were dried over sodium sulphate and evaporated, giving the desired quinones as orange
crystals.

Method B. To a solution of the suitable 5,8-dimethoxyacridine derivative in acetonitrile (20 mL per mmol of
substrate) was added a solution of cerium ammonium nitrate (4 eq.) in water (5 mL per g of cerium ammonium
nitrate). The homogeneous solution was stirred at room temperature for 40 min, diluted with water (1.5 times the
volume used to dissolve the oxidant) and extracted with chloroform (3 x 50 mL). The combined chloroform
layers were dried over sodium sulphate and evaporated, giving the desired quinones as orange crystals.

1,2,3,4-Tetrahydro-5,8-acridinequinone (12)

Starting from compound 8 (530 mg, 2.18 mmol), a yield of 459 mg (99 %) of 12 was obtained using
method A. [Found: C, 73.16; H, 5.27; N, 6.32. C;3H;NO; requires C: 73.26; H, 5.16; N, 6.57]. Mp, 142-
144 °C. vp,ax (KBr) 1688 and 1661 (CO) cm-!. 8y (250 MHz, CDCl3) 7.93 (1H, s, Hg); 6.99 (1H, d, J=10.4
Hz, Hg); 6.89 (1H, d, J=10.4 Hz, Hy); 3.04 (2H, t, J=6.3 Hz, Hy); 2.86 (2H, t, J=6.1 Hz, H,); 1.87-1.79
(4H, m, H; and H3). 8¢ (63 MHz, CDCl3) 184.83 (Cs); 183.57 (Cg); 164.29 (Cq,); 144.80 (Cyo,); 138.15 (Cy
and Cg,); 126.84 (Cg and C7); 33.15 (Cy); 29.63 (Cy); 22.81 and 22.04 (C, and Cj3).

7-Bromo-1,2,3,4-tetrahydro-5,8-acridinequinone (13)

Starting from compound 9 (170 mg, 0.53 mmol), a yield of 123 mg (80 %) of 13 was obtained. [Found:
C, 53.26; H, 3.27; N, 4.82. C;3H,(BrNO, requires C, 53.47; H, 3.42; N, 4.79]. Mp, 73-75 °C. Vimax (KBr)
1681 (CO) cm'!. 8y (250 MHz, CDCl3) 8.09 (1H, s, Ho); 7.57 (1H, s, He); 3,11 (2H, t, J=6.2 Hz, Hy); 2.93
(2H, t, J=6.2 Hz, H); 1.92-1.88 (4H, m, H; and H3).

9-Methyl-1,2,3,4-tetrahydro-5,8-acridinequinone (14)

Starting from compound 10 (632 mg, 2.46 mmol), a yield of 488 mg (88 %) of 14 was obtained using
method A. {Found: C, 73.96; H, 5.90; N, 5.95. C;4H,3NO; requires C, 74.03; H, 5.72; N, 6.16]. Mp, 98-100
°C. Vmax (KBr) 1686 and 1654 (CO) cm-!. &y (300 MHz, CDCl3) 6.92 (d, 1H, J=10.3 Hz, He); 6.83 (d, 1H,
J=10.3 Hz, Hy); 3.05 (m, 2H, Hy); 2.74 (m, 2H, H,); 2.58 (s, 3H, CH3); 1.82 (m, 4H, H; and H3) ppm. 3¢
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(75 MHz, CDCl3) 187.32 and 183.85 (Cg and Cs); 162.32 (Caa); 148.73 (Ci0a); 145.54 (Co); 139.84 (Cy);
137.48 (Cy,); 136.54 (Cg); 125.32 (Cgy); 34.02 (Cy); 26.80 (C)); 22.44 and 21.20 (C; and C3); 15.76 (CH3).

7-Bromo-9-methyl-1,2,3,4-tetrahydro-5,8-acridinequinone (15)

Starting from compound 11 (160 mg, 0.47 mmol), a yield of 143 mg (98 %) of 15 was obtained using
method B. [Found: C, 5§5.13; H, 3.62; N, 4.31. C14H;,BrNO; requires C, 54.94; H, 3.92; N, 4.57]. Mp, 58-
60 °C (ethyl ether). Ve (KBr) 1675 (CO) cml. 8y (300 MHz, CDCl3) 7.48 (s, 1H, Hg); 3,05 (m, 2H, Hy);
2,77 (m, 2H, Hy); 2.60 (s, 3H, CH3); 1.84 (m, 4H, H; and H3). 8¢ (75 MHz, CDCl;) 181.37 (C,); 179.46
(Cg); 163.04 (C4,); 148.82 (Ciga); 145.35 (Co); 141.34 (Cr); 138.56 (Coy,); 137.69 (Ce); 124.97 (Cgy); 34.05
(C4); 26.99 (C)); 22.31 and 21.81 (C; and C3); 16.27 (CH3).

Hetero Diels-Alder reactions with acrolein dimethylhydrazone. General procedure.

To a solution of the suitable acridinequinone in chloroform (7 mL per mmol of quinone) was added acrolein
dimethylhydrazone 1920 (3 eq.). The deep purple solution was stirred at room temperature for the times indicated
in each case, and the volatile compounds were evaporated in vacuo. The residue was chromatographed on silica
gel, eluting with a gradient from neat chloroform to neat ethyl acetate.

11-Methyl-7,8,9,10-tetrahydropyrido{2,3-b]acridine-5,12-dione (20)

Starting from quinone 11 (230 mg, 0.75 mmol), a yield of 165 mg (79 %) of 20 (pale yellow crystals) was
obtained after 18 h. [Found: C, 73.22; H, 4.88; N, 10.23. C;7H14N,0, requires C, 73.40; H, 5.06; N, 10.06].
Mp, 172-174 °C. vpax (KBr) 1689 (CO) cmr!. 8y (300 MHz, CDCl3) 9.06 (1H, dd, J=4.6 and 1.7 Hz, Hy);
8.60 (1H, dd, J=7.9 and 1.7 Hz, Hy); 7.69 (1H, dd, J=7.9 and 4,6 Hz, H3); 3.11 (2H, m, Hy); 2.81 (2H, m,
Hjo); 2.72 (3H, s, CH3); 1.89-1.87 (4H, m, Hg and Ho) ppm. 8¢ (75 MHz, CDCl3) 183.75 and 182.21 (Cs
and C)2); 163.17 (Cg,); 155.14 (C3); 150.04 (Cs,); 149.13 (C2a); 146.15 (Cpy); 138.26 (Cypa); 135.27 (Cy);
129.13 (Cs3); 127.59 (C1a); 34.16 (Cq); 27.04 (Cyo); 22.33 and 21.87 (Cg and Cy); 16.58 (CH3).

6-Methyl-7,8,9,10-tetrahydropyrido[2,3-b]acridine-5,12-dione (22)

Starting from quinone 14 (89 mg, 0.39 mmol), a yield of 28 mg (26 %) of 22 (pale yellow crystals) was
obtained after 90 min. [Found: C, 73.19; H, 4.90; N, 10.24. C;7H4N,0, requires C, 73,40; H, 5,03; N,
10,06]. Mp, 178-180 °C. vpax (KBr) 1696 and 1669 (CO) cmrl. 8y (300 MHz, CDCl3) 9,09 (1H, dd, J=4,6
and 1,7 Hz, Hy); 8,57 (1H, dd, J=1,7 and 8,0 Hz, Hy); 7,72 (1H, dd, J=4,6 and 8,0 Hz, H3); 3,18 (2H, m,
Hyo); 2,86 (2H, m, Hy); 2,75 (3H, s, CH3); 1,94-1,88 (4H, m, Hg and Hy). 8¢ (75 MHz, CDCl;) 185.65 and
181.50 (Cg and C)3); 163.63 (Ciga); 155.14 (C2); 149.88 (Cy1a); 148.29 (Cs,); 147.37 (C12a); 138.34 (Ce);
135.63 (C4); 131.40 (Cqy); 128.20 (C3); 126.82 (Caa); 34.40 (Cg); 27.27 (Cq); 22.55 and 22.09 (Cg and Cy);
16.77 (CHj3).

4-Methyl-7,8,9,10-tetrahydropyrido[2,3-b)acridine-5,12-dione (18)

To a solution of quinone 8 (100 mg, 0.34 mmol) in acetonitrile (7 mL) was added azadiene 16!9 (120 mg,
1.07 mmol). The solution was stirred at room temperature for 10 min and evaporated in vacuo. The purpie
residue was identified as 1-dimethylamino-4-methyl-1,4,7,8,9,10-hexahydropyrido[2,3-b)acridine-5,12-dione
(17). The crude compound 17 was heated neat at 110 °C for 2 h, and the reaction product was chromatographed
on silica gel, eluting with ethyl acetate to yield 33 mg (35 %) of compound 18 as yellow crystals.
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Data for 17: &y (250 MHz, CDCl3) 7.88 (1H, s, H;y); 6.21 (1H, d, J=7.9 Hz, Hy); 5.18 (1H, dd, J=7.9
and 5.1 Hz, H3); 3.72 (1H, m, Hy); 3.05 (2H, m, Hy); 2.83 (6H, s, N(CH3),); 2.75 (2H, m, Hjp); 1.81 (4H,
m, Hg and Hy); 1.12 (3H, d, J=6.5 Hz, CH3).

Data for 18: [Found: C, 73.30; H, 5.49; N, 10.19. C|7H4N;0; requires C, 73.40; H, 5.06; N, 10.06].
Mp, 185-187 °C. vnax (KBr) 1689 (CO) cm-!. 8y (300 MHz, CDCls) 8.90 (1H, d, J=4.8 Hz, Hy); 8.28 (1H, s,
H;); 7.50 (1H, d, J=4.8 Hz, H3); 3.15 (2H, t, J=5.9 Hz, Hy); 2.96 (2H, t, J=5.9 Hz, Hyq); 2.90 (3H, s,
CH3); 1.94-1.89 (4H, m, Hg and Hy). 8¢ (75 MHz, CDCl3) 183.30 and 181.88 (Cs and C;3); 165.52 (Csa);
153.41 (Cy); 151.96 (Cs,); 149.40 (Ci2a); 146.34 (Cy4); 138.61 (Cig,); 135.25 (Cyy); 131.39 (C3); 129.23
(Csa); 127.30 (Ci1a); 33.39 (C7); 29.08 (C1g); 22.58 and 21.96 (Cg and Cy); 14.03 (CHj).

4-Methyl-7,8,9,10-tetrahydropirido[3,2-b]acridine-5,12-dione (21)

To a solution of quinone 12 (358 mg, 1.68 mmol) in chloroform (10 mL) was added azadiene 1619 (191
mg, 1.70 mmol). The solution was stirred at room temperature for 30 min and evaporated in vacuo. The residue
was dissolved in ethanol and the solution was refluxed for 24 h and evaporated. The residue was
chromatographed on silica gel, eluting with ethyl acetate. Yield, 132 mg (28 %) of compound 22 as pale yellow
crystals. [Found: C, 73.61; H, 5.23; N, 9.94. C|7H4N,0; requires C, 73.40; H, 5.03; N: 10.06]. Mp, 184-
186 °C. Mixed mp with 18, 180-181 °C. vy, (KBr) 1661 (CO) cm-!l. 8y (250 MHz, CDCl3) 8.84 (d, 1H,
J=4.9 Hz, Hy); 8.11 (s, 1H, He¢); 7.44 (d, 1H, J=4.9 Hz, H3); 3.12 (t, 2H, J=6.3 Hz, H;(); 2.92 (t, 2H, J=6.1
Hz, Hy); 2.81 (s, 3H, CH3); 1.90-1.86 (m, 4H, Hg and Hg).
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