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Synthesis of New Bk(acrldinSc) Derivatives Monobridged in 
Posittions 2,2' or 9,9' and Bibridged in Positions 2,2' and 9,9' 
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New Mt(acrMlnic) compounds have bemn prepared as 
potential htwcdatlng agents. These d.rlvatlves are 
quoted as 2,2'-( a",w"-dlamkloacyl)bls( 9-acrldsnones), 
2,2'-( ar' ,w"-dl#nlnoecyl)bk( 9-tMoacrManones), 
9,9'-( cur',w"-dlthloalkyl)Mt( 2-amlnoacrMlnes), and 
9,9'-( a" ,w"dithioalkyl)-2,2'-( a"',w'"-diamklOaCyl)Ms- 
(acrkllnes). 

In ow researches devoted to the bisfunctionalization of 
acridine derivatives with a vlew to enhance the activity of the 
latter as anticancer drugs or antiparasitic drugs ( 1 4 ,  a set of 
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novel bis(9-acridanones) and bis(9-thioacridanones) have been 
prepared. Here we report the syntheses and the physico- 
chemical data. 

At first, 2amino-QacrManone, 1, as well as 2-amino-IO- 
methyl8-acridanone, 2, were selected as starting material. 
Acylation by the direct condensation (4 ) ,  shown schematically 
in step I (Figure l), was achieved in pyrMine under refluxing 
conditions for 2 h. Dihydrochlorldes 5 and 6 were subsequently 
isolated. 

Similarly, acylation of 2-amino-Q-thioacrkIanone, 3, and that 
of 2-amino-lO-methyCS-thioacridanone, 4, respecthrely prepared 
from 1 and 2 by means of phosphorus pentasulftde thfatbn (5), 

Table I. Data on Bis(9-acridanone) Hydrochlorides 5 and 6, Bis(9-thioacridanone) Bases 7, 8, and 9, and Bibridged 
Bis(acridine) Bases, 10 
compd R1 & yield, % mp, OC mol formula' 'H NMR (TFAA-d/(CH3)4Sih,)b 6, ppm 

(CH2)z 
(CH2)3 

42 
50 

>360 
>360 

C&iuN4O4Cl2 (575) 9.3 (m, 2 H); 8.7 (m, 2 H); 8.1 (m, 8 H); 7.9 (m, 2 H); 3.3 (c, 4 H) 
C31H26N404C12 (589) 9.3 (m, 2 H); 8.7 (m, 2 H); 8.1 (m, 8 H); 7.85 (m, 2 H); 2.95 (m, 4 H); 
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C32H.&W4C12 (603) 9.1, (&'2 H); 8.6 (m, 2 H); 8.45 (m, 10 H); 8.1, (m, 2 H); 2.86 (m, 

C35H&04C12 (645) 9.15 (m, 2 H); 8.45 (m, 9 H); 8.1, (m, 3 H); 2.75 (m, 4 H); 1.g5 (m, 
4 H); 2.1 (c, 4 H) 

4 H): 1.5 (c. 6 H) 
C33Hd404C12 (617) 9.35 (mi 2 H);.8.8 (m, 2 H); (m, 8 H); 7.9 (m, 2 H); 2.4 (m, 4 H); 

C32H&T404C12 (603) 9.1 (m, 2 H); 8.5s (m, 10 H); 8.15 (m, 2 H); 5.0 (s, 6 H); 3.3s (c, 4 H) 
C39H&J404C12 (617) 9.2 (m, 2 H); 8.56 (m, 10 H); 8.2 (m, 2 H); 5.0 (s, 6 H); 2.95 (m, 4 H); 

C34H32N404C12 (631) 9.2 (m, 2 H); 8.55 (m, 10 H); 8.2 (m, 2 H); 5.0 (s, 6 H); 2.8 (c, 4 H); 

1.2 (m, 6 H) 

2.45 (m, 2 H) 

2.05 (c, 4 H) 

1.9 (c, 4 H): 1.5 (c, 6 H) 
C37H38N404C12 (673) 9.2 (m, 2 H); 8.6 (m, 10 H); 8.15 (m, 2 H); 5.0 (9, 6 H); 2.7 (m, 4 H); 

C36H34N404C12 (645) 9.4 (m, 2 H); 8.9, (m, 2 H); 8.45 (m, 8 H); 7.g5 (m, 2 H); 4.65 (8 ,  6 H); 

C32H26N4S202 (562) 

CSHBN4S2O2 (576) 

C34H30N4SZ02 (590) 

C31H23N4S2 (515) 

C32H25N4S2 (529) 

C34H29N4S2 (557) 

C35H31N4S2 (571) 

C38H37N4S2 (613) 

C40H40N402S2 (672) 

2.5 (m, 4 H); l.z5 (m, 6 H) 

2.1 (c, 4 H) 

2.gS (t, 4 H); 2.5 (m, 2 H) 

5.06 (m, 6 H); 2.8s (t, 4 H); 2.1 (c, 4 H) 

1.7 (c, 6 H) 

1.75 (m, 4 H); 1.4s (c, 4 H) 

3.4 (t, 4 H); 1.8 (m, 4 H); 1.5 (c, 4 H); 1.35 (c, 4 H) 

1.4 (c, 4 H); 1.2 (c, 6 H) 

1.7s (m, 4 H); 1.45 ( c ,  4 H); l.z5 (c, 12 H) 

2.8 (m, 4 H); 2.1 (m, 2 H); 1.g6 (m, 2 H); 1.7 (c, 4 H); 1.4 (c, 4 H); 
1.2 (c, 4 H) 

9.7 (m, 2 H); 9.1 (m, 2 H); 8.25 (m, 8 H); 8.0 (m, 2 H); 3.5 (t, 4 H); 
2.75 (m, 4 H); 1.9, (c, 4 H); 1.7s (m, 4 H); 1.5 (c, 10 H); 1.2 (c, 
12 H) 

9.75 (m, 2 H); 9.15 (m, 2 H); 8.35 (m, 8 H); 8.0 (m, 2 H); 3.5 (t, 4 H); 
1.75 (m, 4 H); 1.4s (c, 8 H); 1.26 (c, 12 H) 

9.05 (c ,  6 H); 8.25 (c ,  4 H); 7.9 (m, 4 H); 3.4 (t, 4 H); 2.7 (c, 4 H); 1.95 
(c, 4 H); 1.8 (c, 4 H); 1.5 (c, 10 H); l.25 (c, 6 H) 

9.5 (m, 2 H); 8.8 (m, 2 H); 8.45 (m, 6 H); 8.1 (m, 4 H); 2.85 (t, 4 H); 

9.4, (m, 2 H); 8.8 (m, 2 H); 8.5 (m, 8 H); 8.05 (m, 2 H); 4.8 (s, 6 H); 

9.55 (m, 2 H); 8.9 (m, 2 H); 8.6s (m, 4 H); 8.5 (m, 4 H); 8.15 (m, 2 H); 

9.7 (m, 2 H); 9.1 (m, 2 H); 8.3 (m, 8 H); 8.0 (m, 2 H); 3.45 (t, 4 H); 

9.7 (m, 2 H); 9.1 (m, 2 H); 8.3 (m, 8 H); 8.0 (m, 2 H); 3.45 (t, 4 H); 

9.1 (m, 2 H); 8.g6 (m, 2 H); 8.2 (m, 6 H); 7.g5 (m, 2 H); 7.8 (m, 2 H); 

9.0s (m, 6 H); 8.2 (m, 4 H); 7.9 (m, 4 H); 3.4 (t, 4 H); 1.7 (m, 4 H); 

9.65 (m, 2 H); 9.0s (m, 2 H); 8.3 (m, 8 H); 7.g5 (m, 2 H); 3.5 (t, 4 H); 

9.8, (m, 2 H); 9.05 (m, 3 H); 8.2 (m, 6 H); 8.0 (m, 3 H); 3.4 (t, 4 H); 

C47HS4N402SZ (770) 

C42Hd4N4O2S2 (700) 

CUHaN4O2S2 (728) 

OThe microanalyses, submitted for review, are in satisfactory agreement with the calculated values. *Recorded with a Bruker AM 200 
spectrometer. Unresolved signal. 
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Acy/aNon. The acridink monomer (1 0 mmol) Is dissolved in 
25 mL of anhydrous pyridine freshly distilled with soda. Acyl 
dichloride (5 mmoi) is gradually added. The mixture is then 
refluxed for 2.30 h before being poured out into 200 mL of 
either cold water (7, 8) or 5 N hydrochloric acid (5, 6). The 
precipitate obtained is filtered off and repeatedly washed with 
hot ethanol. 

A/ky/at/on. A stirred mixture of the acrMinic monomer (10 
mmoi), alkyl dibromlde (5 mmoi), triethyibenzylammonium 
chloride (TEBAC) (5 mmol), aqueous 50% potassium hydroxlde 
(75 mL), and toluene (150 mL) is refluxed for 3 h. The toluene 
layer is separated, washed 5 times with water (50 mL every 
time), dried with magnesium sulfate, and evaporated In vacuo. 
The residual product is dissoived in a small amount of hot 
ethanol. Large amount of water is added. A precipitate is 
filtered off and washed with butyl acetate before being re- 
crystallized from acetone (sa, 9b). 

One must underscore that the yield is geaUy increased when 
TEBAC is not used and butanone is used as solvent instead of 
toluene. In  these conditions, the mixture is filtered alter re- 
fluxing and solution is then poured out into 500 mL of boiling 
water. On cooling, there is a precipitation. Solid is recrys- 
tallized from acetone (Qc, 9d) or chloroform (9.). 

rwlce -Bf/dged Heterocyc/es. Bls(9-thioacridine), 9 (2 
mmoi), is dissolved in 25 mL of anhydrous pyridine freshly dis- 
tilled with soda. Acyl dichloride (2.3 mmoi) is gradually added. 
The mixture is refluxed for 24 h before being evaporated until 
a viscous residue is obtained. The latter is dissolved in a 
chloroform-methanol mixture (3: 1). Insoluble impurities are 
filtered off and a large amount of hexane Is added to the filtrate. 
The precipitate so obtained, is washed with warm hexane. 

b 

10 
Flgwo 1. 

were performed in the conditions mentioned above. Bis-thio 
derivatives 7 and 8 were so obtained. I n  contrast, alkylation 
of 3 under phase-transfer catalysis conditions leads to 9$- 
(crr',wr'dithioalkyI)bis(2-amin~cridines), 9. The synthetic 
pathway is shown schematically in step I11 (Figure 1). 

Finally, some twicabridged bis(acrMink)heterocycies were 
prepared according to step I V  (Figure 1). I n  so doing, the 
9,9'~crrr,wrr~ioa~2,2r~cr'rr,w'rrdieminoacyl)bls(acrklines), 
IO ,  were obtained. 

Data on ail the compounds prepared are collected in Table 
I. 

Experhental Section 

2-Am/fto-S-thlo.&anone, 5 .  A stirred mixture of 2- 
amb9acridanone (10 mmoi), 1 (e), phosphorus pentasuifkk 
(10 mmoi), and hexamethylphosphoric triamide (30 mL) is re- 
fluxed for 2.30 h. Solution is alterwards poured out into 450 
mL of water. A scarlet precipitate is filtered off. The latter is 
recrystallized from methanol. Yield, 82%; mp, 242 OC; 13C 
NMR (Me2SO-de), 108.64 (C-l), 145.05 (C-2), 125.33 (C-3), 
119.87 (W), 118.34 (C-5), 132.18 (Ce), 122.25 (C-7), 129.77 

(C-13), 128.36 ((2-14). The spectrum was recorded with a 
Bruker AM 200 spectrometer. 

2-Amlno-l0-methy/-S-th/0a&~, 4. One works as 
in case of 3, apart from the starting heterocyclic material which 
is now 2-amino-lO-methyC9-acrldanone, 2 (7). Yield, 70%; 
mp, 194 OC (decomp.); '% NMR (Me2SO-d6), 110.02 (C-l), 
144.66 (C2), 124.84 (M), 117.57 (C4), 116.44 (C-5), 132.66 
(C-e), 121.77 (C-7), 130.59 (W), 194.16 (C-9), 129.35 (C-ll), 
131.74 (C-12), 136.38 (C-13), 129.89 (C-14), 34.58 (Cb). The 
spectrum was recorded as above. 

((24, 191.00 (C-9), 128.47 (ell), 130.85 (C-l2), 134.89 

R W V  NO. 1, 27918145; 2, 58658-03-0; 3, 102724-5&1; 4, 
102724-57-2 50, 102724588; Sb, 102726594; Sc, 102724-60-7; Sd, 
102724-81-8; 50, 102724-82-9 Or, 102724-83-0; Ob, 102724-84-1; 8c, 
102724412; Od, 102724883; 68, 102724-67-4; 70, 102724-68-5; Ea, 

102724-73-2; w, 102724-74-3; o., 102724-7% ion, io2724-7e5; lob, 
102724-69-8; bb, 102724-70-9; 00, 102724-71-0 Ob, 102724-72-1; OC, 

102724-77-6; lOC, 102724-78-7; 10d, 102724-79-8; CICOCH2CH&OCI, 
543-209; CICOCHZCH2CH,COCI, 287874-7; cIcO(GH~)~COCI, 1 1 1-50-2; 
CICO(CH,),COCI, 123-98-8; CICOC(C,Hs),COCI, 54505-72-5; Br(CH,),Br, 
1 1 1-24-0; Br(CH,),Br, 629-03-8; Br(CH,),Br, 4549-32-0; Br(CH2),Br, 
4549-33-1; Br(CH,),,Br, 3344-70-5. 
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