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Since the strategy for the synthesis of 9-, 10- and 11-nitronoracronycine [3,4] could not be applied to the
8-nitronoracronycine 9, we here report the preparation of the latter by a fusion of methyl 2-amino-6-nitroben-
zoate 2 and phloroglucinol 3. The fusion of 2 and 3 gave 1,3-dihydroxy-8-nitro-9(10H)-acridinone 6. Subse-
quent methylation, demethylation and reaction with 2-chloro-2-methyl-3-butyne afforded the desired 8-nitro-
noracronycine 9. Compound 9, 1,3-dimethoxy-10-methyl-8-nitro-9(10H}acridinone 7 and 1,3-dihydroxy-10-
methyl-8-nitro-%(10H)}-acridinone 8 were tested by the National Cancer Institute (NCI) for possible anticancer

activity.
J. Heterocyclic Chem., 29, 1293 (1992).

Introduction.

Diseases like cancer, AIDS, ateriosclerosis, tropical
diseases and those of the central nervous system (CNS) are
as of today not satisfactorily treated by existing medica-
ments [5]. Since the beginning of the 19** century, cancer
related death has steadily increased in the industrialised
countries [6,7]. In fact death from cancer ranks second as
against seventh a couple of years ago. In former West Ger-
many, 160,000 cases of death from cancer are reported
every year, while in the USA 600,000 new occurences of
cancer have been diagnosed [8].

It is therefore necessary to have a new research focus
with the aim of developing new therapy concepts and
drugs to adequately fight against malignant tumors. The
problem of resistance and cross-resistance of tumor cells
against cytostatic agents should be minimized and also the
improvement of already existing drugs and the reduction
of many side-effects should be of prime importance in
research objectives.

New pharmacologically active substances have been and
are continually produced from natural sources. When an
active natural product has been isolated, efforts are inten-
sified in the search for synthetic derivatives of this prod-
uct with better enhancement of activity.

Since 1966 acronycine 1, a Rutaceae alkaloid, which is

Acronycine

an angular pyrano-9(10H)-acridinone with interesting
pharmacological activities has stimulated research into
finding other possible synthetic pathways and derivatives

[9-19].

Acronycine is particulary active against a lot of neoplas-
tic incidences of the mouse and shows a wide range of anti-
tumor activity of all known oncolytic active alkaloids [20].

Efforts have been made through molecular variations to
improve the cytostatic activity of acronycine. However no
significant improvement has been documented recently
[21]).

Earlier attempts were made to synthesis 8-nitronora-
cronycine 9 through a modified Ullmann-reaction [22].
This was not possible and probably could be due to the
presence of a strong deactivating influence of the nitro
group in the 6-position of methyl 2-amino-6-nitrobenzoate
2. 8-Nitronoracronycine 9 was however synthesized by
another method as shown in the first step, which is a fu-
sion of phloroglucinol 3 and methyl 2-amino-6-nitrobenzo-
ate 2 (Scheme 1). In the first reaction step the compounds
methyl 2-methylamino-6-nitrobenzoate 4 and methyl 2-
(3,5-dihydroxylphenylamino)-6-nitrobenzoate 5 were iso-
lated as side-products. Compound 5 could probably be
recognized as a reaction product leading to 1,3-dihydroxy-
8-nitro-9(10H)-acridinone 6. Subsequent respective meth-
ylation [23] and demethylation [24] of 6 and 1,3-dimethoxy-
10-methyl-8-nitro-9(10H)-acridinone 7 afforded 1,3-dihy-
droxy-10-methyl-8-nitro-9(10H)-acridinone 8. After which
the potassium salt of 8 was formed using ethanolic potas-
sium hydroxide. The reaction of potassium salt of 8 with 2-
chloro-2-methyl-3-butyne in a glass ampoule carried out
according to a method developed in our research group
yielded mainly 9[25]. Following Hlubucek’s method [12], 9
as well as the isomer 7-nitroisonoracronycine 10 were ob-
tained.
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The compounds 7, 8, and 9 were sent to National Can-
cer Institute (NCI) for cytostatic activity test on transplan-
tation tumor Leukaemia P388. The results of the test
showed no significant activity (7 (NSC 647750), 8 (NSC
647749) and 9 (no NSC number)).

EXPERIMENTAL

Melting points were determined on a Lofler hot-stage appara-
tus and were uncorrected. Infrared spectra (ir) were recorded on
a Pye Unicam Sp3-200 spectrophotometer. The 'H and '*C nmr
spectra were obtained on a Varian Gemini 200 spectrometer with
tetramethylsilane as internal standard. Mass spectra were record-
ed with a Varian MAT 44S spectrometer. Merck Silica gel 60 F,s4
and Merck Silica gel 60 (70-230 mesh) were used for preparative
thin layer chromatography and column chromatography respec-
tively.

To a 5 g (25.5 mmoles) methyl 2-amino-6-nitrobenzoate 2
heated to 195°, was added carefully 15 g (119 mmoles) phloro-
glucinol 3 over a period of 15 minutes in small portions with stir-
ring. The temperature was then increased to 220° and held at
this temperature for 20 minutes. After cooling to room tempera-
ture, column chromatography (dichloromethane:methanol 95:5)
was used to separate and purify the products. Methyl 2-amino-6-
nitrobenzoate (2 g, 10.2 mmoles) was recovered together with
methyl 2-N-methylamino-6-nitrobenzoate 4, methyl 243,5-dihy-
droxyphenylamino}6-nitrobenzoate 5 and 1,3-dihydroxy-8-nitro-
9(10H)-acridinone 6.

Methyl 2-Methylamino-6-nitrobenzoate 4.

This compound had mp 71-72°; ir (potassium bromide): » 3400
(NH), 1701 (C=0), 1605, 1563 (C=C), 1514, 1348 (NO), 1180
(COC) cm™*; 'H nmr (deuteriochloroform): 6 2.91 (d, 3H, NCH;),
3.81 (s, 3H, OCH.), 6.64 (br s, 1H, N-H), 6.85(dd, ] = 8.9, 1 Hz,
1H, 3-H), 6.94 (dd, J = 7.8, 1 Hz, 1H, 5-H), 7.38 (t, 8.5 Hz, 1H,
4-H); *C nmr (deuteriochloroform): 6 30.23 (N-CH;), 52.74
(OCH,), 106.45 (C-1), 110.92 (C-5), 114.97 (C-3), 133.00 (C-4),
150.84 (C-6) , 152.59 (C-2), 167.01 (C=0); ms: m/z 210 (100%
M%), 209 (44, M*-H), 179 (17, 210-CH,0), 160 (69), 149 (15,
179-NO), 134 (28, 149-CH,), 121 (30), 104 (77), 93 (33).

Methyl 243,5-Dihydroxyphenylamino}-6-nitrobenzoate 3.

This compound had mp 211-213°; ir (potassium bromide): »
3395 (OH), 3355 (NH), 2950 (CH aliphatic), 1709 (C=0), 1604,
1564 (C=C), 1519, 1340 (NO), 1065, 1030 (COC) cm™; uv
(methanol): A max (log €) = 379.0 (3.40), 271.5 (4.22), 208.5 (4.43);
'H nmr (acetone-d¢): & 3.85 (s, 3H, OCH,), 6.17 (t, ] = 2.1 Hz,
4'-H), 6.23 and 6.24 (each d, each J = 2.1 Hz, each 1H, 2'-H and
6'-H), 7.34 (dd, ] = 7.2, 1.7 Hg, 1H, 3-H), 7.51 (dd, J = 8.5, 0.5
Hz, 1H, 5-H), 7.59 (dd, ] = 8.5, 1.7 Hz, 1H, 4-H), 7.85 (br s, 1H,
NH), 8.52 (br s, 1H, OH); *C nmr (acetone-de): 6 53.47 (OCH;),
99.77 (C-4", 101.10 (C-2', C-6"), 113.30 (C-1), 115.25 (C-5),
122.25 (C-3), 133.16 (C-4), 143.70 (C-2), 146.66 (C-6), 152.03
(C-1%, 160.75 (C-3', C-5"), 167.05 (C=0);, ms: m/z 304 (100%
M", 272 (26, M*-CH, 0), 255 (10, 272-0H), 244 (37, 272-C0), 230
(44), 227 (83), 199 (59), 186 (22), 170 (44).

Anal. Caled. for C,,H,,N,0,-14H,0: C, 53.68; H, 4.18; N, 8.94.
Found: C, 53.53; H, 4.36; N, 8.84.

1,3-Dihydroxy-8-nitro-9(10Hyacridinone 6.
This compound had mp >345° dec; ir (potassium bromide): »
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3425 (OH), 3315 (NH), 1641 (C=0), 1592 (C=C), 1526, 1329
(NO), 1060 (C=C); uv (methanol): A max (log €) 398.5 (3.56), 272.5
(4.44), 245.5 (4.33), 225.0 (4.36); 'H nmr (dimethyl sulfoxide-ds): &
6.09 (d,J = 2.1 Hz, 1H, 2-H), 6.38 (d, ] = 2.1 He, 1H, 4-H), 7.47
(d,J = 7.3 Hz, 1H, 5-H), 7.68 (dd, J = 8.5, 1 Hz, 1H, 7-H), 7.84
(dd, J = 8.5, 7.3 He, 1H, 6-H), 12.22 (br s, 1H, NH), 13.41 (s, 1H,
1-OH); *C nmr (dimethyl sulfoxide-de): 6 91.20 (C-2), 96.72
(C-4), 103.63 (C-9a), 108.78 (C-8a), 115.12 (C-7), 119.70 (C-5),
133.41 (C-6), 141.41 (C-5a), 142.77 (C-4a), 148.23 (C-8), 163.20
(C-3),164.93 (C-1), 176.88 (C-9); ms: m/z 272 (100% M*), 243 (10,
M*-CHO), 242 (8, 272-NO), 226 (46, 272-NO,), 214 (10, 243-CHO),
214 (10, 242-C0O), 198 (71, 226-C0O), 197 (20, 198-H), 186 (6,
214-C0), 159 (40, 186-HCN).

Anal. Caled. for C;H,N,0,+15H,0: C, 56.12; H, 3.14; N, 10.07.
Found: C, 56.36; H, 3.26; N, 10.04.

1,3-Dimethoxy-10-methyl-8-nitro-9(10 Hy-acridinone 7.

To 1.5 g (5.5 mmoles) 1,3-dihydroxy-8-nitro-9(10H)-acridinone
6 and 1.6 g (27 mmoles) of anhydrous potassium carbonate in 150
ml of absolute acetone was added 3 ml (55 mmoles) of methyl
iodide in 3 ml of absolute acetone. The reaction mixture was then
stirred at room temperature for 6 hours. Removal of acetone and
excess methyl iodide in wvacuo was followed by adding the
resulting mixture in 50 ml of water. Filtration and recrystalliza-
tion from methanol afforded yellow needles of 1,3-dimethoxy-10-
methyl-9(10H)-acridinone 7, 1.6 g (93%), mp 264-266°; ir (potas-
sium bromide): v 3080 (CH aromatic), 2930 (CH aliphatic), 1633
(C=0), 1615 (C=C), 1532, 1321 (NO), 1038 (C=C); uv
(methanol): X\ max (log ¢) 404.5 (3.67), 332.0 (3.84), 274.5 (4.59),
251.0 (4.44), 225.0 (4.36); 'H nmr (deuteriodichloromethane):
3.72 (s, 3H, 3-0OCH,), 3.85 (s, 3H, N-CH,), 3.87 (s, 3H, 1-OCH,),
6.26 (d,] = 2.1 He, 1H, 2-H), 6.36 (d, ] = 2.1 Hz, 1H, 4-H), 7.09
(dd, J = 7.3. 1.3 He, 1H, 5-H), 748 (dd, J] = 8.8, 1.3 Hz, 1H,
7-H), 7.58 (dd, J] = 8.8, 7.3 Hz, 1H, 6-H); *C nmr (deuteriodi-
chloromethane): § 35.20 (N-CH,), 55.01 (1-OCH,),
55.56 (3-0OCH,), 90.45 (C-2), 92.56 (C-4), 108.37 (C-9a), 110.02
(C-8a), 115.05 (C-7), 116.75 (C-5), 131.64 (C-6), 142.54 (C-5a),
146.23 (C-4a), 148.74 (C-8), 162.75 (C-3), 164.43 (C-1), 174.84
(C-9); ms: m/z 314 (15% M%), 297 (60, M*-OH), 268 (20, 297-
CHO), 267 (100, 297-NO), 239 (31, 267-CO), 238 (49, 267-CHO),
210 (11, 239-CHO), 195 (12), 167 (19).

Anal. Caled. for C (H, N, O C, 61.15; H, 4.42; N, 8.91. Found:
C, 61.03; H, 4.38; N, 8.98.

1,3-Dihydroxy-10-methyl-8-nitro-9(10 Hyacridinone 8.

To 900 mg (3 mmoles) 1,3-dimethoxy-10-methyl-8-nitro-9(10H)-
acridinone 7 was added 60 ml of 47% hydrogen bromide and
gradually heated to reflux. The reaction mixture was stirred and
maintained at reflux for 7 hours. The hydrobromide salt, which
crystallized at 0° overnight was stirred for 4 hours in distilled
water in order to obtain the free base. Recrystallization from
ethanol/water gave brown needles, 650 mg (76%), mp 307-309°;
ir (potassium bromide): » 3425 (OH), 3090 (CH aromatic), 2920
(CH aliphatic), 1634 (C=0), 1591 (C=C), 1522, 1337 (NO), 1234
(C=C) cm™*; uv (methanol): A max (log €) 398.5 (3.65), 335.5 (3.76),
274.5 (4.54), 250.0 (4.41), 226.0 (4.32); 'H nmr (dimethylforma-
mide-d,): 6 3.96 (s, 3H, N-CH,), 6.27 (d, ] = 2 Hz, 1H, 2-H), 6.60
(d,J = 2 Hz, 1H, 4-H), 7.57(dd, J] = 7.5, 1 Hz, 1H, 5-H), 7.98
(dd,J = 9, 1 Hz, 1H, 6-H), 8.12 (dd, J = 9, 7.5 Hz, 1H, 7-H),
14.03 (s, 1H, 1-OH); *C nmr (dimethylformamide-d,): 6 35.86
(N-CH,), 92.84 (C-2), 97.91 (C-4), 105.52 (C-9a), 111.78 (C-8a),
116.74 (C-7), 119.66 (C-5), 134.97 (C-6), 144.25 (C-5a), 146.23
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(C-4a), 150.41 (C-8), 166.19 (C-3), 167.25 (C-1), 178.21 (C-9); ms:
m/z 286 (100% M*), 256 (6, M*-NO), 240 (37, M*-NO,), 228 (9,
256-CO), 212 (60, 240-CO), 184 (44, 212-CO), 169 (14, 184-CH,),
154 (22), 140 (18), 128 (22).

Anal. Caled. for C, ,H, )N, 04 C, 58.42; H, 3.50; N, 9.79. Found:
C, 58.07; H, 3.60; N, 9.49.

Syntheses of 8-Nitronoracronycine 9 and 7-Nitroisonoracrony-
cine 10.

Ethanolic potassium hydroxide 0.1 N was added to 600 mg (2.1
mmoles) 1,3-dihydroxy-10-methyl-8-nitro-9(10H}-acridinone 8 at
60° for 1 hour. Removal of ethanol in vecuo gave the reddish-
brown potassium salt of 1,3-dihydroxy-10-methyl-8-nitro-9(10H)-
acridinone.

A) Reaction in a Glass Ampoule.

Anhydrous potassium iodide (320 mg, 2 mmoles), 224 mg of
anhydrous potassium carbonate and 200 mg (2.2 mmoles) of 2-
chloro-2-methyl-3-butyne were added to 360 mg (1.1 mmoles) of
potassium salt of 1,3-dihydroxy-10-methyl-8-nitro-9(10H)-acridi-
none 8 in 10 ml of absolute DMF. The reaction mixture was
heated at 120° for 48 hours. After cooling to room temperature,
the ampoule was carefully opened and the crude brown product
was dissolved in chloroform, washed with 2% sodium hydroxide,
brine and water and dried over anhydrous sodium sulfate.
Removal of chloroform in vacuo followed by pes (4 x toluene) and
recrystallization from chloroform gave red needles of 8-itro-
noracronycine 9 in 21% (83 mg) yield.

8-Nitronoracronycine 9.

This compound had mp 276-278°; ir (potassium bromide): »
3420 (br OH), 2970 (CH aromatic), 2930 (CH aliphatic), 1620
(C=0), 1597 (C=C), 1536, 1328 (NO), 1264, 1137 (COC) cm™; uv
(methanol): A max (log €) = 425.5 (3.49), 287.0 (4.50), 206.0 (4.37);
'H nmr (deuteriochloroform): 6 1.53 (s, 6H, 2 x -CHs), 3.93 (s, 3H,
N-CH,), 5.57(d,J = 9.75 Hz, 1H, 2-H), 6.31 (s, 1H, 5-H), 6.52 (d,
J = 9.75 Hz, 1H, 1-H), 726 (dd, ] = 7.5, 1 Hz, 1H, 11-H), 7.59
(dd,J = 85,1 Hz, 1H,9-H), 7.79 (dd, ] = 8.5, 7.5 Hz, 1H, 10-H),
13.64 (s, 1H, 6-0OH); *C nmr (deuteriochloroform): § 27.03 (2 x
-CH,), 44.56 (N-CH,), 75.33 (C-3), 94.86 (C-12b), 99.12 (C-5),
115.31 (C-6a), 116.32 (C-9), 116.96 (C-7a), 118.83 (C-11), 120.72
(C-1), 124.25 (C-2), 133.27 (C-10), 145.49 (C-8), 161.54 (C-12a),
162.13 (C-11a), 164.56 (C-6), 164.83 (C-4a), 179.81 (C-T7); ms: m/z
352 (31% M?*), 337 (100, M*-CH,), 291 (17, 337-NO,), 263 (27,
291-CO), 248 (22, 263-CH,), 220 (8, 248-CO), 191 (15, 220-CHO).

Anal. Calcd. for C,;H,,N,O: C, 64.77; H, 4.55; N, 7.95. Found:
C, 64.40; H, 4.49; N, 7.62.

B) Reaction According to Hlubucek.

To 360 mg (1.1 mmoles) of the potassium salt of 1,3-dihydroxy-
10-methyl-8-nitro-9(10H)-acridinone 8 and 200 mg of 2-chloro-2-
methyl-3-butyne in 100 m! of absolute DMF was added 320 mg (2
mmoles) of anhydrous potassium iodide, 224 mg of potassium
carbonate and gradually heated to 90° under nitrogen for 12
hours. The work-up procedure was essentially the same as
described above, which gave 8-itronoracronycine 9 (62 mg,
16%) and 7-nitroisonoracronycine 10 (97 mg, 25%).

7-Nitroisonoracronycine 10.

This compound had mp 285-287°; ir (potassium bromide): »
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3415 (br OH), 2980 (CH aromatic), 2910 (CH aliphatic), 1634
(C=0), 1589 (C=C), 1533, 1322 (NO), 1127 (COC) cm™; uv
(methanol): A max (log €) 426.5 (3.48), 309.5 (4.60), 260.5 (4.34),
206 (4.28); 'H nmr (deuteriochloroform): 6 1.48 (s, 6H, 2 x -CHj),
3.81 (s, 3H, N-CH;), 5.59 (d, J = 10 Hz, 1H, 3-H), 6.30 (s, 1H,
12-H), 6.74 (d, ] = 10 Hz, 1H, 4-H), 7.15(dd, ] = 7.3, 1.2 Hz,
1H, 10-H), 7.60 (dd, ] = 9, 1.2 Hz, 1H, 8-H), 7.71 (dd,] = 9, 7.3
Hz, 1H, 9-H), 14.04 (s, 1H, 3-OH); **C nmr (deuteriochloroform):
5 28.52 (2 x -CH,), 35.03 (N-CH,), 78.71 (C-2), 91.97 (C-12),
103.56 (C-4a), 105.62 (C-5a), 112.34 (C-1la), 115.39 (C-8),
115.63 (C-10), 116.96 (C-4), 127.36 (C-9), 133.13 (C-3), 142.74
(C-6a), 143.72 (C-10a), 149.60 (C-7), 159.42 (C-5), 160.71
(C-12a), 177.31 (C-6); ms: m/z 352 (34% M), 337 (100, M*-CH,),
291 (31, 337-NO,), 276 (5, 291-CH,), 263 (32, 291-CO), 248 (6,
263-CH;), 220 (8, 248-C0O), 191 (5, 220-CHO).

Anal. Caled. for C,,H,,N,0,: C, 64.77; H, 4.55; N, 7.95. Found:
C, 64.49; H, 4.61; N, 7.87.
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