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Linker-modified triamine-linked acridine dimers: Synthesis
and cytotoxicity properties in vitro and in vivo
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Abstract—The preparation and cytotoxicity properties of a series of Ne-substituted triamine-linked acridine dimers are described.
Most acridine dimer derivatives reveal highly potent in vitro cytotoxicity properties and DNA binding activity. Several acridine
dimers were selected to study their action in vivo. These acridine dimers have demonstrated a narrow safe margin, as has adriamy-
cin, but higher maximum tolerate dose (MTD) in comparison with that of adriamycin in ICR mice. The acridine dimers also dem-
onstrated various anit-COLO 205 solid tumor activities in vivo. Compound 1 has shown the most potent solid tumor inhibition.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

DNA is an important target in cancer therapy. The pla-
nar structure of DNA intercalating drugs can strongly
bind to DNA resulting in the death of cancer cells. Sev-
eral representative antitumor agents of this class are
traditionally used in clinics, such as actinomycin D,
adriamycin and daunomycin. Recently, several interca-
lating antitumor agents were also developed as Amsar-
cine,1,2 Mitoxantrone3 or are progressed in clinical
trials as 4-carboxamidoacridine DACA,4,5 Anthrapyraz-
oles,6,7 and pyrazolo3–5 nitroacridine (NSC366140).8,9

Acridine is a potential anticancer chromophore (lead)
for developing the anticancer drug because its planar
structure can strongly bind to DNA. Many studies have
used acridine as a lead to design more active compounds
in studying DNA binding and killing cancer cells.2,8,10–19

Therefore, increasing the binding affinity between agents
and DNA and retaining the agent–DNA bound form
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are the two hypothesized rational designs to increase
the sensitivity of killing cancer cells. To obtain a bis-de-
rivative connecting two planar cores by a bridge results
in increasing agents’ DNA-binding affinity and effective-
ness of killing cancer cells has been investigated in many
studies.10c,11,14,16,19–21 Some successful examples are the
bis(naphthalimide) analogue,22 DMP 840,23,24 reported
to be a topoisomerase II poison; LU 79553,25 which
has been highly effectively against tumor xenografts
in vivo; and a series of bisimidazoacridones (WMC-
26)14,26 are in progress under preclinical and clinical
trials.

In comparison with monomer, the two planar structures
connecting appropriate linker length are considered to
be two major factors for increasing cancer cell cytotox-
icity. The optimal linker length connecting bisintercala-
tors is required for DNA binding affinity and biological
response in previous studies.2a,10c,29–31 To look for
improving the DNA binding affinity and cell killing ef-
fect on these issues, the various substituents on the
nitrogen atom was introduced at the center of appropri-
ate lengths of linkers connecting two acridines to evalu-
ate the impacting influence of DNA binding affinity and
cancer cells cytotoxicity by these substituents. Herein,
the bridge lengths of 6 or 7 carbons on the triamine
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linker were adopted and a series of Ne-substituted tri-
amine-linked acridine dimers were synthesized to inves-
tigate their anticancer activity in vitro and in vivo. This
series of Ne-substituted triamine-linked acridine dimers
have demonstrated potent DNA intercalating activity
and anticancer activity in vitro in comparison with that
of anticancer drug, adriamycin. However, the DNA
intercalating affinity activity was not obviously correlat-
ed with cell cytotoxicity in this series of compounds.
Several acridine dimer derivatives were selected to fur-
ther perform in vivo studies. These acridine dimers have
shown a narrow safe margin in testing ICR mice. The
maximum tolerate dose (MTD) of ICR mice for com-
pound 1, compound 3, compound 5, compound 23,
compound 31 and adriamycin is 10, 22.5, 30, 10, 10
and 4 mg/kg, respectively. The compounds 1 and 23
demonstrated their anti-COLO 205 solid tumor activity
in SCID mice. Compound 1 was found to have the most
solid tumor inhibition in vivo.
2. Results and discussion

2.1. Synthesis

Series of bisacridines were connected by various linkers.
Two separate routes for synthesizing the Ne-substituted
triamine-linked acridine dimers were employed. One
method involves condensation of an Ne-substituted-
N,N-bis(3-aminopropyl)amine with 6,9-dichloro-2-
methoxy-acridine using potassium carbonate in DMF,
and followed by salt formation. The Ne-substituted-
N,N-bis(3-aminopropyl)amine was commercially ob-
tained or prepared by reductive amination of 3,3-imin-
odipropionitrile with aldehyde and followed by nitrile
reduction (Scheme 1). A second route involves reductive
amination of Ne-unsubstituted triamine-linked dimer
with aldehyde and followed by salt formation
(Scheme 2).

2.2. Biological evaluation

Various Ne-substituents of the triamine linkers with six
or seven carbon numbers length were synthesized to
investigate for their DNA intercalating activity in vitro,
and antitumor activity in vitro and in vivo.

2.2.1. In vitro cytotoxicity. Most acridine bisintercala-
tors with 6 or 7 carbons of triamine-linked derivatives
have demonstrated cancer cell killing activity with
COLO205, HAT22T, SK-BR-3 and MOLT-4 human
cancer cell lines by in vitro cytotoxicity assays. The var-
ious R-moieties attached to triamine linker do not have
an increased or diminished effect on cancer killing activ-
ity in vitro in comparison to the R = H group (com-
pound 1 or compound 2). The IC50 (lM) values for
triamine-linked derivatives were between 0.01 and 5.6
against COLO 205, between 0.06 and 6.95 against
HA22T, between 0.05 and 7.31 against SK-BR-3 and
between 50.01 and 0.71 against MOLT-4. Most of them
have shown comparable or more potent anticancer
activity in vitro than that of adriamycin. Like the tradi-
tional cancer drug property such as adriamycin, most
compounds have revealed more killing sensitivity
(IC50) in MOLT-4 cell in comparison with that of
HA22T, COLO205 and SK-BR-3 cells. However, com-
pound 9, compound 12 and compound 14 have demon-
strated similar cancer killing effect among COLO205,
SK-BR-3 and MOLT-4 cells. Compound 12 and com-
pound 14 have the least killing effect for HA22T cells
among the four cancer cells.

Among these derivatives, compound 5, compound 7,
compound 8, compound 20, compound 30, compound
31 or compound 34 are more selective against the COLO
205 cell line (IC50 is 0.09, 0.01, 0.89, 0.37, 0.01, 0.01,
0.13 lM) in comparison with HA22T (IC50 is 5.33,
0.51, 6.95, 4.73, 0.06, 3.97, 1.72 lM) or SK-BR-3 (IC50

is 7.31, 0.72, 6.14, 5.07, 0.07, 0.72, 1.29 lM). Except
MOLT-4 cells from blood tumors, these acridine dimers
seem to potentially have more selectivity against COLO
205 cells compared with HA22T and SK-BR-3 cells
from solid tumors (Table 1). The reasons for the en-
hanced cytotoxicities of acridine dimers bearing Ne-sub-
stituents on COLO 205 cells are not clear. It is possible
that some proteins expressed in CLLO 205 cells interact
with these substitutes of acridine dimers resulting in
increasing cytotoxicity sensitivity. It is possible that
the attractive force between DNA and bisintercalators
was enhanced by hydrogen bonding between DNA
bases (acceptor) and these substitutes (donor) or by
interaction of negatively charged phosphodiester linkag-
es of DNA and positively charged ammonium cations of
these substituents.

2.2.2. DNA intercalating activity. 5-Fu, a negative con-
trol, did not show DNA intercalating activity
(Fig. 1a). The SC50 (50% DNA shift concentration) of
adriamycin, a well-known DNA intercalator, was 10–
15 lM. Most of the polyamine-linked acridine dimers
showed bisintercalating properties with 2–4 lM SC50

as compound 6 (Fig. 1b). Most bisacridine derivatives
increase the DNA intercalating activity several folds
compared to that of adriamycin monomer; except com-
pound 21, compound 28 or compound 30 (>20, >20, 2–
20 lM) (Table 1). As a comparison between DNA inter-
calating affinity and anticancer activity in vitro for this
series of bisintercalators and adriamycin, the increasing
DNA intercalating activity of bisacridine derivatives
was not accompanied with the enhancement of their
anticancer activity in vitro. There is no apparent corre-
lation between the DNA binding and killing activity
against HeLa cells (31). Therefore, it is difficult to eval-
uate the rational design for structure–activity relation-
ship among these compounds because the cytotoxicity
did not correlate with DNA binding affinity.

2.2.3. Maximum tolerate dose (MTD). The bisacridine
derivative acetate salts were prepared and dissolved in
2.5% cremophor/ddH2O (v/v) for animal study. In order
to observe the safety margin in vivo for acridine dimer-
serial compounds, five acridine dimer derivatives (com-
pounds 1, 3, 5, 23, 31) were selected to determine their
MTD in ICR mice. All testing compounds have shown
a safe margin (the dose range interval between all surviv-
ing animals and all dead animals) that is too narrow.
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For example, compound 1 can kill all animals at 15 mg/
kg, but all animals can survive at 10 mg/kg. The toxic ef-
fect observed over MTD is that the treated mice have
increasing heart-beat, tremor, secrete mucus from nos-
tril and mouth, and progress to death. It is usual with
cytotoxic agents such as DNA intercalating agent
as adriamycin that test animals lose body weight due
to their toxicity effect during the experimental periods
under MTD. However, the body weight loss compared
to control group for the bisintercalator treatments was
little or no loss through the experimental periods under
MTD. Therefore, the bisintercalators have shown less
toxicity when compared to cytotoxic agents as adriamy-
cin in this study. (Data not shown.) The MTD of ICR
mice for compound 1, compound 3, compound 5,
compound 23, compound 31 and adriamycin is 10,
22.5, 30, 10, 10 and 4 mg/kg, respectively (Table 2).

2.2.4. In vivo antihuman COLO 205 solid tumor activity.
Four compounds at MTD were introduced into nude
mice carrying human COLO205 solid tumor by iv
administration with a schedule of (Q2D · 3) · 2. Com-
pound 1 has shown the most (80%) tumor inhibition
at MTD in comparison with that of other testing com-
pounds (compound 3, 2%; compound 23, 24%; com-
pound 31, 0%) (Table 3). The major difference among
the set of four acridine dimers is the Ne-substituent R
in their linkers. They are H (compound 1), CH3 (com-
pound 3), CH2(3 0-furyl) (compound 23) and CH2(2 0-
pyridyl) (compound 31), respectively. In vitro anticancer



Table 1. In vitro cytotoxicitya and DNA intercalating activity of acridine bis-intercalator derivatives

N

NH
OCH3

Cl

(CH2)n N
R'

(CH2)3 NH

N

OCH3

Cl

Compoundb n R0 IC50
a,c (lM) SC50

d (lM)

COLO205 HA22T SK-BR-3 MOLT-4 gel shifting

Adriamycin — — 0.26 0.31 0.29 0.02 10–15

1 3 H 0.41 0.33 0.77 <0.02 4–5

2 4 H 0.13 0.33 0.05 <0.02 4

3 3 CH3 0.16 0.62 0.70 <0.02 NT

4 3 n-C3H7 1.46 5.98 5.78 <0.02 2–4

5 3 C2H5 0.09 5.33 7.31 <0.02 NT

6 3 CH2 1.27 0.48 0.82 <0.01 2–4

7 4 CH2 0.01 0.51 0.72 <0.01 2–4

8 3 CH2(n-amyl) 0.89 6.95 6.14 0.09 NT

9 3 C6H5CH2 0.75 0.70 0.70 0.70 2–4

10 3 C6H5CH2CH2 0.70 0.65 0.68 <0.01 NT

11 3
H3CO CH2

0.35 0.42 0.68 <0.01 2–4

12 4
CH2H3CO

0.25 5.66 1.30 0.71 NT

13 3

CH2

OCH3

3.61 0.93 0.71 <0.01 2–4

14 4 CH2H3CO 0.39 5.45 0.86 0.71 NT

15 3 H3CO CH2

OCH3

0.64 0.62 0.79 0.01 2–4

16 3 CH2H3CO

H3CO

H3CO

4.50 4.42 5.04 0.06 NT

17 3 CH2Cl 0.20 0.58 0.53 <0.01 NT

18 3
CH2

F

F
0.77 0.23 0.78 <0.01 NT

19 3
O

CH2
0.24 0.61 0.84 <0.01 2–4

20 4
O

CH2
0.37 4.73 5.07 0.06 NT

21 3
O CH2Br 0.41 1.11 4.24 <0.01 >20

22 3
O CH2C2H5 2.56 3.32 5.25 0.10 NT
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Table 1 (continued)

Compoundb n R 0 IC50
a,c (lM) SC50

d (lM)

COLO205 HA22T SK-BR-3 MOLT-4 gel shifting

23 3 O

CH2

0.46 0.36 0.69 0.01 2–4

24 4
O

CH2
0.32 0.44 0.71 0.03 NT

25 3
S

CH2
0.56 1.41 1.17 0.07 NT

26 4
S

CH2
0.50 0.44 0.68 0.04 NT

27 4
S

CH2
0.25 3.59 0.99 <0.01 NT

28 3
S CH2Br 0.85 1.15 5.80 <0.01 >20

29 3
S

CH2
Br 0.72 0.84 0.70 0.06 NT

30 3
S

CH2

CH3

0.01 0.06 0.07 <0.01 2–20

31 3
N

CH2
0.01 3.97 0.72 <0.01 2–4

32 3
N

CH2
0.50 0.74 0.64 <0.01 2–4

33 3

O

O CH2
H3C

H3C
5.60 3.43 6.61 <0.01 NT

34 3
HO

HO CH2 0.13 1.72 1.29 <0.01 NT

35 3 O

O

CH2

O

O CH3

CH3

H3C
H3C

2.19 4.68 4.73 0.06 NT

NT, not tested.
a 50% growth inhibition, determined by MTT assay; see in vitro cytotoxicity section for details.
b Compound was tested in triplicate.
c Cancer cell lines origin: COLO205 (colon), HA22T (liver), SK-BR-3 (ovary), MLOT-4 (peripheral blood).
d 50% DNA shift concentration, see DNA intercalating assay section.
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activity assay and in DNA intercalating assays cannot
find obvious differences among the four compounds.
However, in vivo study shows that compound 3 has
higher MTD, whereas the MTD for the other three com-
pounds was slightly different in this study. Only com-
pound 1 has demonstrated potent antiCOLO solid
tumor activity at MTD in SCID mice. Whereas, com-
pound 3, which had higher MTD, did not show antisolid
tumor activity. The molecular dimension for H and CH3

(R-group) in triamine linker of acridine dimer does not
occupy considerable volume in space or a dramatically
attractive force in biochemistry reaction. Therefore, it
is interesting to further explore the possible reasons
for the dramatic difference of pharmacology effects be-
tween H and CH3 (R-group) in triamine linker of the
acridine dimers, as seen in MTD and antisolid tumor
in vivo study.
3. Conclusion

Series of Ne-substituted triamine-linked acridine dimers
were synthesized and their biological evaluation was
performed. We have found that most acridine dimers
have demonstrated potent DNA binding affinity and
anticancer activity in various cancer cell line studies.
However, there is no apparent correlation between the
DNA binding affinity and killing activity in this study.
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Figure 1. DNA intercalating activity of 5-Fu and compound 6. The (a)

5-Fu, not unwind pUC 19 plasmid DNA, and (b) bisacridine derivative

compound 6 unwind pUC 19 plasmid DNA. The negatively super-

coiled pUC19 (1 lg) were incubated with increasing concentrations of

5-Fu or compound 6 for 30 min at 25 �C in reaction mixtures, pH 7.4,

and then run on a 1.0% agarose gel. C refers to the negatively

supercoiled form of pUC 19.

Table 3. Anticolon solid tumor efficacy study at MTD of acridine

dimer derivatives in SCID mice

Compound MTD (mg/kg) TGI (%)a

1 10 80

3 22.5 2

23 10 24

31 10 0

a TGI (%): percentage of tumor growth inhibition. Tumor growth

inhibition was selected at date after last dosing.

Table 2. MTD of Acridine Dimer derivatives in ICR mice

Compound MTD (mg/kg)

1 10

3 22.5

5 30

23 10

31 10

Adriamycin 4
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Most acridine dimers have also demonstrated more kill-
ing sensitivity to MOLT-4 cells from blood tumors in
comparison with cancer cells (COLO205, SK-BR-3 or
HA22T) from solid tumors that is a general property
of cell killing agent of current market anticancer drug
as adriamycin. However, compound 9, compound 12
and compound 14 have demonstrated a similar cancer
killing effect among COLO205, SK-BR-3 and MOLT-
4 cells. Here, we also found that compound 5, com-
pound 7, compound 8, compound 20, compound 30,
compound 31 and compound 34 are more selective
against the COLO 205 cell line in comparison with
HA22T or SK-BR-3. Several acridine dimers were
selected to study their in vivo effect. They have demon-
strated a narrow safe margin, like the traditional cancer
killing drug adriamycin, but a higher maximum tolerate
dose (MTD) in ICR mice. The acridine dimers also dem-
onstrated various anit-COLO 205 solid tumor activities
in vivo. Compound 1 has shown the most potent solid
tumor inhibition.
4. Experimental

4.1. Materials

MOLT-4 and COLO 205 cell lines were obtained from
American Tissue Culture Company (ATCC). SK-BR-3
was kindly provided by Dr. Ming-Chie Hung, Anderson
Cancer Center, Houston, Texas, USA. HA22T/VGH
was kindly provided by Veterans General Hospital, Tai-
pei, Taiwan, ROC. JM 83 bacteria carrying a pUC19
plasmid was kindly provided by Dr. Ming-Ching Kao,
National Defense Medical Center, Taipei, Taiwan,
ROC. All the synthetic reagents are commercially avail-
able. Compounds 1–35 were prepared by the synthetic
pathways illustrated in Schemes 1 and 2.

4.2. Biological evaluation

4.2.1. Cell culture. COLO 205 cells were grown as a
monolayer and MOLT-4 cells were grown as a suspen-
sion in RPMI 1640 (Invitrogen Com., 31800-022) with
10% fetal bovine serum (FBS) (Hylcone, defined).
HA22T/VGH cells were grown as a monolayer in
DMEM/F12 (Dulbecco’s modified Eagle medium:
Nutrient Mixture F12 (Ham) (1:1) (Invitrogen Com.,
21127-022)) powder medium supplemented with 10%
FBS and 100 lM nonessential amino acid (Invitrogen
Com., 11140-050). SK-BR-3 were grown as a monolayer
in DMEM/F12 medium with 10% FBS. The cells were
grown in culture medium and maintained in a humidi-
fied atmosphere of 5% CO2–95% air incubator at
37 �C. The JM83 bacteria were grown in LB medium
containing 1 lg/ml ampicillin at 37 �C. The bacterial cul-
ture was collected when the OD was between 0.8 and
1.0.

4.2.2. In vitro cytotoxicity assay. Single cell suspensions
were obtained by mechanical disaggregation of the float-
ing cell line (MOLT-4) or by trypsinization of the mono-
layer cultures (COLO 205, HA22T/VGH, SK-BR-3)
and counted by trypan blue exclusion. All testing com-
pounds were dissolved in DMSO (dimethyl sulfoxide)
(Sigma, D8779) as stock solutions and serially diluted
with DPBS buffer for use. The MTT (Sigma, M2128)
cytotoxicity assay was used for acridine dimers-serial
compounds and adriamycin to evaluate their growth
inhibition effects on four human tumor cell lines. The
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide) metabolic assay was performed as
described by Monks et al., 1991.27 In brief, the cells were
seeded at a density of 6000–10,000 cells into microtiter
plates (Nunc, 167008) and incubated in 180 ll culture
medium overnight. Then the cells were treated with
compounds, respectively, at various concentrations for
72 h. After treatment, viable cells were reacted with
20 ll MTT solution (5 mg/ml) at 37 �C for 4 h. Next,
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the 170 ll medium was removed and the remainder,
which contained the MTT–formazan crystals, was dis-
solved with 200 ll DMSO. Finally, the absorbance
was measured at 545 nm and reference at 690 nm. (Emax,
Molecular Device Inc.) Five concentrations of com-
pounds at 100, 10, 1, 0.1, 0.01 lg/ml were used. Cell
growth inhibition was calculated according to the for-
mula (1 � (OD of drug treatment/OD of con-
trol)) · 100%. The IC50 was obtained by 50% growth
inhibition at a particular drug concentration by plotting
the drug concentration against the growth inhibition
percentage.

4.2.3. Plasmid isolation. The JM 83 bacteria containing a
pUC19 plasmid were cultured and then harvested by
centrifugation with 4000 rpm for 15 min at 4 �C. The
pellets were lyzed by alkali method and the DNA plas-
mids were collected as the lower band (corresponding
to the closed circular DNA) of a centrifuge tube after
CsCl–ethidium bromide gradient centrifugation. This
collection method is described in, for example, Molecu-
lar Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press. (1989).28 After removal of ethidium
bromide (Sigma. E8751) from the DNA plasmids with
1-butanol saturated with water, the CsCl (Sigma,
C3309) was removed by dialysis with TE (pH 8.0) buffer.

4.2.4. DNA intercalating assay. The pUC19 plasmid
(1 lg in each reaction) was incubated with various con-
centrations of solutions containing various triamine-
linked acridine dimers for 30 min at 25 �C in 20 ll reac-
tion mixtures (10 mM Tris–HCl, pH 7.4, 0.1 mM EDTA
(Sigma, E9884) and 5 mM NaCl). After reaction, the
DNA mixture was run on a 1.0% agarose gel (Sigma,
A5304) with running buffer (40 mM Tris–acetate, pH
8.0, and 2 mM EDTA) at 10 V/cm current. Then, the
gel was stained with ethidium bromide and destained
with distilled water. The shifts of the DNA bands were
visualized using UV light and analyzed by photography.
The DNA band-shifting pattern formed a sigmoidal
curve. The 50% shift concentration (SC50) corresponded
to a 50% DNA band shift at the particular concentra-
tion according to the curve of the DNA band-shifting
photograph.

4.2.5. Laboratory animals. The ICR or SCID mice (16–
18 g, 4–5 weeks old) were obtained from the animal cen-
ter at the medical center of National Taiwan University,
Taipei, ROC and allowed to acclimate to their new envi-
ronment for one week. The mice were given a sterilized
pellet diet and sterilized water ad libitum, and housed
under specific pathogen-free conditions in a temperature
range between 23 and 25 �C, and a humidity of about
50 ± 10%. The lighting was automatically operated on
a 12-h light/dark cycle.

4.2.6. In vivo maximum tolerate dose determination
(MTD). The ICR mice were randomly divided into 6
groups. Each group contained 5 mice. The control
group was given the 2.5% cremophor/ddH2O only (Sig-
ma, C5135). The treatment groups were given the com-
pounds dissolved in 2.5% cremophor/ddH2O at various
concentrations with a (Q2D · 3) · 2 schedule. The phys-
ical activity, body weight and survival rate were ob-
served for MTD determination. The MTD is described
as the highest dose that all mice can tolerate and survive
in this study.

4.2.7. In vivo anticolon solid tumor activity. The
COLO205 cells were subcutaneously inoculated into
the dorsal site of the SCID mice. The solid tumors were
grown up to a size of about 500 mm3, then isolated fol-
lowing the cultivations and named as COLO205F1 cells.
The COLO205F1 cells were subcutaneously inoculated
into the dorsal site of the SCID mice for compound test-
ing. These tumors were grown to a size of approximately
100–200 mm3. The mice were sorted according to body
weight into several groups with five mice per group.
The compounds, suspended in 2.5% cremophor/ddH2O
solvent, were injected into tail veins following MTD
on (Q2D · 3) · 2 therapy schedule. Tumor weights at
the beginning of chemotherapy and at weekly intervals
thereafter were estimated using two dimensional caliper
measurements and calculated with the formula for an
ellipsoid. Tumor weight was L · W2 · 0.5, where L is
the major axis and W is the width of the tumor. The per-
centage of tumor growth inhibition (% TGI) was calcu-
lated according to the formula (1 � (mean tumor weight
of treated group/mean tumor weight of control
group)) · 100%.

4.3. Chemistry

4.3.1. 3-[N-(2-Cyanoethyl)-N-ethylamino]-propionitrile. To
a stirred mixture of 3,3 0-iminodipropionitrile (14.4 g,
0.12 mol), acetaldehyde (25.7 g, 0.58 mol), methanol
(50 ml) and acetonitrile (400 ml) was added sodium
cyanoborohydride (9.6 g, 0.15 mol). After being stirred
at room temperature overnight, the solvent was evapo-
rated and the residue was diluted with dichloromethane
and water with stirring. The separated organic layer was
washed with water, dried and evaporated to give a yel-
low oil, which was distilled by a Kugelrohr apparatus
to give the title compound (9.2 g, 52%). 1H NMR
(CDCl3, 200 MHz) d: 2.86 (t, J = 7.0 Hz, 4H), 2.64 (q,
J = 7.0 Hz, 4H), 2.48 (t, J = 7.0 Hz, 4H), 1.08 (t,
J = 7.0 Hz, 3H); MS (70 eV) m/z (%) 152.3 (M++1,
100), 126.2 (20); HRMS: calcd for C8H13N3 (M+)
151.1109, found 151.1111. The title compound was iden-
tical in all respects with the material prepared by the
method described in Whitmore et al., 1944.32

4.3.2. 3-[N-(2-Cyanoethyl)-N-cyclopropylmethylamino]-
propi 1onitrile. The title compound was prepared from
3,3 0-iminodipropionitrile and cyclopropane carboxalde-
hyde by the method described in the former procedure
in 54% yield. 1H NMR (CDCl3, 200 MHz) d: 2.86 (t,
J = 7.0 Hz, 4H), 2.42 (t, J = 7.0 Hz, 4H), 2.39 (d,
J = 7.2 Hz, 1H), 0.75 (m, 1H), 0.45 (m, 2H), 0.06 (m,
2H); MS (70 eV) m/z (%) 178.3 (M++1, 15), 124.2
(100); HRMS: calcd for C10H15N3 (M+) 177.1266, found
177.1268.

4.3.3. N-[1-(3-Aminopropyl)-N-1-ethyl]-propane-1,3-di-
amine. The title compound was prepared by the method
described in Satoh et al., 1969.33 To a solution of



742 S.-S. Wang et al. / Bioorg. Med. Chem. 15 (2007) 735–748
3-[N-2-cyanoethyl]-N-ethylamino]-propionitrile (15.1 g,
0.1 mol) and cobaltous chloride hexahydrate (47.6 g,
0.2 mol) in methanol (600 ml) was added sodium boro-
hydride (38 g, 1.0 mol) in portions with stirring at
20 �C. To the mixture was added 200 ml of 3 N hydro-
chloric acid. After removal of methanol by distillation
and unreacted nitrile by extraction with ether, the aque-
ous layer was made alkaline by addition of a concentrat-
ed ammonium hydroxide solution, which was then
extracted with 100 ml of ethyl acetate three times. The
combined organic extracts were washed with brine,
dried over sodium sulfate, and the solvent evaporated
to give the title compound (9.6 g, �60%) as a crude
oil, which was used for the preparation of compound
5 without purification. An analytical amount of the
crude oil was characterized from its di-Cbz derivative:
To a solution of the crude oil (0.2 g, �1.0 mmol) in
dichloromethane (4 mL) containing triethylamine
(0.24 g, 2.4 mmol) was added at 0 �C, a solution of ben-
zylchloroformate (0.34 g, 2.0 mmol) in dichloromethane
(3 mL). After being stirred at 0 �C for 1 h and rt for 3 h,
the reaction mixture was washed with water. The sepa-
rated organic layer was dried (MgSO4) and evaporated.
Purification by silica gel column chromatography
(eluent: ethyl acetate–hexane) provided the di-Cbz deriv-
ative as amber oil (0.28 g, 66%). 1H NMR (CDCl3,
200 MHz) d: 0.98 (t, J = 7.2 Hz, 3H), 1.60 (t,
J = 6.6 Hz, 4H), 2.43 (t, J = 6.6 Hz, 4H), 2.47 (q,
J = 7.2 Hz, 2H), 3.22 (m, 4H), 5.08 (s, 4H), 5.65 (br s,
2H), 7.33 (m, 10H); MS (70 eV) m/z (%) 428.2 (M++1,
20), 335.2 (100), 291.5 (45); HRMS: calcd for
C24H33N3O4 (M+) 427.2471, found 427.2475. The title
compound can also be prepared by catalytic hydrogena-
tion of 3-[N-(2-cyanoethyl)-N-cyclopropylmethylami-
no]-propionitrile (4, 3, 2) under high pressure.32

4.3.4. N-[1-(3-Aminopropyl)]-N-[1-(cyclopropylmethyl)]-
propane-1,3-diamine. The title compound was prepared
from 3-[N-(2-cyanoethyl)-N-cyclopropylmethyl amino]-
propionitrile by the method described in the former pro-
cedure as a crude oil in 60% yield, which was used for
preparation of compound 6 without purification. 1H
NMR (CDCl3, 200 MHz) d: 2.50–3.00 (m, 8H), 2.30
(d, J = 6.4 Hz, 2H), 1.60 (m, 4H), 0.90 (m, 1H), 0.50
(m, 2H), 0.12 (m, 2H); MS (70 eV) m/z (%) 185.3 (M+,
12), 132.2 (20), 100.2 (100), 86.1 (50); HRMS: calcd
for C10H23N3 (M+) 185.1892, found 185.1896.

4.3.5. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-propane-1,3-di-
amine (1). A mixture of 6,9-dichloro-2-methoxy-acri-
dine (20.0 g, 71.9 mmol), 3,3 0-diaminodipropylamine
(5.5 g, 41.9 mmol) and potassium carbonate anhydrous
(20.0 g, 144.9 mmol) in DMF (200 ml) was stirred at
118 �C for 16 h. The resulting solution was filtered and
distilled on vacuum to remove DMF. The residue was
triturated with dichloromethane–H2O and filtered. The
yellow powder was further triturated with acetone
(250 ml) to give 8.6 g of the title compound. The mother
liquid crystallized upon standing at 0 �C, which was fil-
tered and triturated with acetone to give 3.0 g of the title
compound. The mother liquid was evaporated and chro-
matographed using 1:10:0.1 (v/v) methanol/ethyl ace-
tate/triethylamine to give the 1.6 g of the title
compound. The combined yield is 13.2 g (60%). Mp
157–159 �C. 1H NMR (DMSO-d6, 500 MHz) d: 8.28
(d, J = 9.25 Hz, 2H), 7.81 (s, 2H), 7.77 (d, J = 9.3 Hz,
2H), 7.56 (s, 2H), 7.35 (d, J = 9.3 Hz, 2H), 7.17 (d,
J = 9.3 Hz, 2H), 3.87 (s, 6H), 3.79 (t, J = 6.4 Hz, 4H),
2.69 (t, J = 6.4 Hz, 4H), 1.85 (m, 4H). The title com-
pound was identical in all respects with the material pre-
pared by the method described in Le Pecq et al., 1975.29

Mp 157–159 �C. 1H NMR (DMSO-d6, 500 MHz) 8.28
(d, J = 9.25 Hz, 2H), 7.81 (s, 2H), 7.77 (d, J = 9.3 Hz,
2H), 7.56 (s, 2H), 7.35 (d, J = 9.3 Hz, 2H), 7.17 (d,
J = 9.3 Hz, 2H), 3.87 (s, 6H), 3.79 (t, J = 6.4 Hz, 4H),
2.69 (t, J = 6.4 Hz, 4H), 1.85 (m, 4H).

4.3.6. Preparation of the acetic acid salt of compound 1. A
mixture of N-(6-chloro-2-methoxy-acridin-9-yl)-N 0-
[3-(6-chloro-2-methoxy-acridin-9-ylamino)-propyl]-pro-
pane-1,3-diamine (0.25 g, 0.41 mmol), acetic acid
(77.3 mg, 1.30 mmol) and methanol (20 ml) was stirred
at refluxing temperature until the mixture became
homogeneous (about 10 min). The mixture was filtered,
evaporated and the residue was triturated with diethyl
ether to afford the title compound (0.33 g, 95%). Mp
161–163 �C. 1H NMR (DMSO-d6, 500 MHz) d: 8.29
(d, J = 9.3 Hz, 2H), 7.82 (s, 2H), 7.78 (d, J = 9.3 Hz,
2H), 7.59 (s, 2H), 7.38 (d, J = 9.3 Hz, 2H), 7.25 (d,
J = 9.3 Hz, 2H), 3.88 (s, 6H), 3.79 (m, 4H), 2.72 (m,
4H), 1.89 (s, 12 H), 1.88 (m, 4H).

4.3.7. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-butane-1,4-di-
amine (2). The title compound was prepared from sper-
midine by the procedure described in the preparation of
N-(6-chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-propane-1,3-di-
amine in 62% yield. Mp 163–165 �C. 1H NMR (CDCl3,
500 MHz) d: 7.70–8.00 (m, 6H), 7.10–7.40 (m, 6H),
3.85–3.88 (m, 8H), 3.71 (m, 2H), 2.86 (m, 2H), 2.70
(m, 2H), 1.88 (m, 2H), 1.81 (m, 2H), 1.68 (m, 2H); Anal.
(C36H39Cl2N5O2) C, H, N. The title compound was
identical in all respects with the material prepared by
the method described in Le Pecq et al., 1975.29

4.3.8. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-methyl-pro-
pane-1,3-diamine (3). N-Alkylated triamine-linked acri-
dine dimers were prepared according to the method
shown in Scheme 1. As a typical example:

A mixture of 6,9-dichloro-2-methoxy-acridine (6.43 g,
23.1 mmol), N,N-bis(3-aminopropyl)methylamine
(1.67 g, 11.5 mmol) and 4-dimethylaminopyridine
(2.82 g, 23.1 mmol) in DMF (100 ml) was stirred at
85–90 �C for 4 h under N2. The reaction mixture was fil-
tered and the filtrate was distilled under vacuum to re-
move DMF. The residue was diluted with chloroform
and water to give a solid suspension. The solid was col-
lected and the chloroform solution was washed twice
with water, dried and evaporated. The residue was com-
bined with the solid and chromatographed on silica gel
using ethyl acetate as eluent to give the title compound
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(4.1 g, 56%) as a yellow powder. Mp 154–155 �C. 1H
NMR (DMSO-d6, 500 MHz) d: 7.80–7.95 (m, 6H),
7.00–7.30 (m, 6H), 3.76 (s, 6H), 3.74 (m 4H), 2.54 (m,
4H), 2.32 (s, 3H), 1.85 (m, 4H); Anal. (C36H39Cl2N5O2)
C, H, N. The title compound was identical in all respects
with the material prepared by the method described in
Le Pecq et al., 1975.29

4.3.9. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-propyl-pro-
pane-1,3-diamine (4). Typical example: To a mixture of
N-(6-chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-chloro-2-
methoxy-acridin-9-ylamino)-propyl]-propane-1,3-diamine
(0.61 g, 1.0 mmol), propionaldehyde (1.47 g, 20.4
mmol), methanol (3 ml) and acetonitrile (3 ml) was add-
ed sodium cyanoborohydride (0.7 g) at 0 �C for 0.5 h
and the ice bath was removed. Stirring was continued
for 18 h. The solution was diluted with ethyl acetate
and washed with water. The organic layer was evaporat-
ed and purified on silica using methanol/ethyl acetate/
triethylamine (1:10:0.1, v/v) as eluent to give a reduc-
tive-amination product, which was diluted with small
amount of methanol and 5 N HCl with stirring and
the HCl salt was collected and triturated with acetone
to give 4 (0.45 g, 54%) as the HCl salt. Mp 192–
194 �C. 1H NMR (DMSO-d6, 500 MHz) d: 9.92 (m,
2H, NH+), 9.70 (m, 1H, NH+), 8.35 (m, 2H), 8.00
(m, 2H), 7.82 (s, 2H), 7.74 (d, J = 9.5 Hz, 2H), 7.49 (d,
J = 9.5 Hz, 2H), 7.29 (d, J = 9.5 Hz, 2H), 4.08 (m,
2H), 3.83 (s, 6H), 3.20 (m, 4H), 2.94 (m, 2H), 2.35 (m,
4H), 1.60 (m, 2H), 0.78 (t, J = 7.0 Hz, 3H); Anal.
(C37H44Cl7N5O2Æ0.2H2OÆ0.1CH3OH) C, H, N. The free
base 4 was liberated by neutralization with 10% potassi-
um carbonate aqueous solution. 13C NMR of the free
base is as follows: 13C NMR (CDCl3/DMSO-d6 = 20:1
(v/v), 125 MHz) d: 155.9, 151.0, 137.1, 135.8, 135.5,
129.1, 125.8, 124.8, 124.1, 123.6, 116.0, 114.7, 100.3,
56.1, 52.6, 49.7, 47.4, 28.5, 27.5, 12.2.

The following compounds were prepared in a manner
similar to the above-described procedure except that a
different aliphatic aldehyde or the acridine dimer homo-
logue (compound 2) was employed for the preparation
of N-substituted triamine-linked acridine. The yields
and analytical data are reported as follows:

4.3.10. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N0-ethyl-propane-1,3-
diamine (5). Yield: 63%, amorphous powder. 1H NMR
(CDCl3, 500 MHz) d: 7.80–8.10 (m, 2H), 7.30 (m, 2H),
7.14 (m, 2H), 7.08 (m, 2H), 3.83 (s, 6H), 3.76 (m, 4H),
2.67 (m, 6H), 1.88 (m, 4H), 1.10 (t, J = 7.2 Hz, 3H);
13C NMR (CDCl3, 125 MHz) d: 155.4, 150.8, 146.0,
135.7, 128.4, 128.0, 131.5, 124.6, 123.8, 123.5, 116.4,
113.8, 101.1, 55.5, 52.1, 49.7, 48.0, 27.8, 13.6; MS
(20 eV) m/z (%) 641.4 (M+(2Cl35), 100), 467.3 (63); Anal.
(C36H37Cl2N5O2Æ0.1H2O) C, H, N.

4.3.11. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-cyclopropyl-
methyl-propane-1,3-diamine (6). Yield: 65%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 7.99
(s, 2H), 7.92 (d, J = 9.3 Hz, 2H), 7.90 (s, 2H), 7.33
(m, 2H), 7.19 (s, 2H), 7.12 (m, 2H), 3.80 (s, 6H),
3.79 (t, J = 6.5 Hz, 4H), 2.75 (t, J = 6.5 Hz, 4H),
2.47 (d, J = 6.5 Hz, 2H), 1.89 (t, J = 6.5 Hz, 4H),
0.87 (m, 1H), 0.50 (m, 2H), 0.10 (m, 2H); 13C NMR
(CDCl3, 125 MHz) d: 155.2, 152.3, 146.5, 146.2,
143.2, 139.1, 136.5, 129.3, 125.4, 124.5, 124.0,
116.6,101.9, 62.0, 56.2, 53.2, 50.1, 28.0, 8.3, 4.7; MS
(70 eV) m/z (%) 667.5 (M+(2Cl35), 100), 611.6 (25),
602.3 (33), 499.7 (40), 467.3 (50), 423.2 (50); Anal.
(C38H39Cl2N5 O2Æ0.25H2O) C, H, N.

4.3.12. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-cyclopropyl-
methyl-butane-1,4-diamine (7). Yield: 70%, amorphous
powder. 1H NMR (DMSO-d6, 500 MHz) d: 8.44 (m,
2H), 7.95–7.99 (m, 4H), 7.76 (m, 2H), 7.55 (m, 2H),
7.37 (m, 2H), 4.06 (s, 6H), 3.91 (m, 2H), 3.83 (m, 2H),
2.58 (m, 2H), 2.48 (m, 2H), 2.25 (d, J = 6.2 Hz, 2H),
1.90 (m, 2H), 1.73 (m, 2H), 1.45 (m, 2H), 0.70 (m,
1H), 0.38 (m, 2H), 0.02 (m, 2H); 13C NMR (CDCl3/
DMSO-d6 = 20:1 (v/v), 125 MHz) d: 156.1, 155.5,
151.2, 150.6, 147.9, 145.9, 145.6, 135.5, 135.3, 130.6,
130.2, 127.5, 127.0, 125.4, 125.0, 124.7, 124.3, 124.0,
123.5, 117.9, 116.6, 115.5, 114.3, 101.9, 100.2, 59.7,
56.0, 54.4, 53.2,5 0.9, 50.4, 30.0, 27.5, 24.2, 8.4, 4.5;
MS (70 eV) m/z (%) 681.1 (M+(2Cl35), 40), 636.9 (20),
423.2 (100); MS (70 eV) m/z (%) 682.1 (M+(2Cl35)+1,
40), 612.1 (100); Anal. (C39H41Cl2N5 O2.0.2H2O) C,
H, N.

4.3.13. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-hexyl-propane-
1,3-diamine (8). Yield: 65%, amorphous powder. 1H
NMR (CDCl3, 500 MHz) d: 7.80–8.10 (m, 6H), 7.32
(m, 2H), 7.16 (s, 2H), 7.12 (m, 2H), 3.82 (s, 2H), 3.77
(t, J = 7.2 Hz, 4H), 2.63 (t, J = 7.2 Hz, 4H), 2.52 (m,
2H), 1.87 (t, J = 7.2 Hz, 4H), 1.45 (m, 2H), 1.15–1.35
(m, 6H), 1.15–1.35 (m, 6H), 0.86 (t, J = 7.2 Hz, 4H);
13C NMR (CDCl3/DMSO-d6 = 20:1 (v/v), 125 MHz) d:
164.1, 155.7, 150.7, 145.8, 135.3, 130.4, 127.2, 125.3,
124.3, 123.8, 117.3, 114.9, 101.1, 56.0, 55.0, 52.9, 50.0,
32.0, 28.3, 27.6, 26.4, 22.9, 14.4; MS (70 eV) m/z (%)
698.1 (M+(2Cl35)+1, 40), 612.1 (100); Anal.
(C40H45Cl2N5O2Æ0.15H2O) C, H, N.

N-(Aryl)-methyl-, N-(heteroaryl)methyl-, or N-(hetero-
cyclyl)methyl-triamine-linked acridine dimers were pre-
pared according to Scheme 2.

4.3.14. N-Benzyl-N0-(6-chloro-2-methoxy-acridin-9-yl)-N-
[3-(6-chloro-2-methoxy-acridin-9-ylamino)-propyl]-pro-
pane-1,3-diamine (9). Typical example: To a mixture of
N-(6-chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-chloro-2-
methoxy-acridin-9-ylamino)-propyl]-propane-1,3-di-
amine (0.614 g, 1 mmol), benzaldehyde (1.0 g,
9.4 mmol), methanol (2 ml) and acetonitrile (4 ml) was
added sodium cyanoborohydride (0.4 g) at 0 �C for
0.5 h followed by removal of the ice bath. Stirring was
continued for 18 h. The solution was diluted with ethyl
acetate and washed with water. The organic layer was
evaporated and purified on silica using methanol/ethyl
acetate/triethylamine (1:10:0.1, v/v) as eluent to give
the reductive product, which was diluted with a small
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amount of methanol and 5 N HCl with stirring. The
HCl salt was collected and triturated with acetone to
give the title compound (0.5 g, 56%) as the HCl salt.
Mp 215–217 �C. 1H NMR (DMSO-d6, 500 MHz) d:
9.99 (m, 2H, NH+), 8.47 (m, 2H), 8.10 (m, 2H), 7.93
(s, 2H), 7.65 (d, J = 9.5 Hz, 2H), 7.63 (m, 4H), 7.41 (d,
J = 9.5 Hz, 2H), 7.30 (m, 3H), 4.37(s, 2H), 4.17 (m,
4H), 3.94 (s, 6H), 3.27 (m, 4H), 2.51 (m, 4H); The free
base 9 was liberated by neutralization with 10% potassi-
um carbonate aqueous solution. 13C NMR and element
analysis of the free base 9 is as follows: 13C NMR
(CDCl3, 125 MHz) d: 178.6, 155.8, 153.1, 142.6, 138.7,
138.2, 129.4, 128.7, 127.7, 127.3, 126.3, 125.6, 123.5,
121.4, 115.0, 111.4, 102.3, 59.4, 56.0, 51.7, 48.0, 28.1;
MS (70 eV) m/z (%) 704.1 (M+(2Cl35)+1, 40), 612.1
(100); Anal. (C41H39Cl2N5O2Æ0.25H2O) C, H, N.

The preparation of N-substituted triamine-linked acri-
dine was similar to the former procedure except that a
different aldehyde (i.e., arylaldehyde or heteroarylalde-
hyde or heterocyclic carboxaldehyde) or the acridine di-
mer homologue was employed. The yields and analytical
data are reported as follows.

4.3.15. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-phenethyl-pro-
pane-1,3-diamine (10). Yield: 68%, amorphous powder.
1H NMR (CDCl3, 500 MHz) d: 7.94, (s, 2H), 7.87 (d,
J = 9.5 Hz, 2H), 7.85 (d, J = 9.5 Hz, 2H), 7.28 (m,
2H), 7.21 (m, 2H), 7.14 (s, 2H), 7.00–7.10 (m, 5H),
3.07 (s, 6H), 3.70 (t, J = 6.4 Hz, 4H), 2.78 (m, 2H),
2.70 (m, 2H), 2.67 (t, J = 6.4 Hz, 4H), 1.86 (m, 4H);
13C NMR (CDCl3, 125 MHz) d: 155.9, 150.7, 147.4,
145.5, 140.0, 135.8, 130.0, 128.9, 126.9, 126.7, 124.9,
124.3, 124.2, 117.2, 114.7, 101.1, 56.7, 56.0, 52.7, 49.8,
32.8, 28.5; MS (70 eV) m/z (%) 718.4 (M+(2Cl35)+1,
40), 626.1 (30), 556.1 (100), 517.4 (55); Anal.
(C42H41Cl2N5O2Æ0.2H2O) C, H, N.

4.3.16. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-(3-methoxy-ben-
zyl)-propane-1,3-diamine (11). Yield: 66%, amorphous
powder. 1H NMR (CDCl3, 500 MHz) d : 8.00 (s, 2H),
7.93 (d, J = 9.3 Hz, 2H), 7.82 (d, J = 9.3 Hz, 2H), 7.35
(d, J = 9.3 Hz, 2H), 7.14–7.18 (m, 5H), 6.81 (s, 1H),
6.80 (m, 2H), 3.82 (s, 6H), 3.71 (t, J = 6.5 Hz, 4H),
3.65 (s, 2H), 3.57 (s, 2H), 2.58 (t, J = 6.5 Hz, 4H), 1.82
(m, 4H); 13C NMR (CDCl3, 125 MHz) d: 160.1, 156.0,
150.3, 147.8, 140.8, 140.2, 135.4, 130.4, 129.6, 127.3,
125.3, 124.3, 121.8, 117.4, 115.4, 114.7, 113.2, 112.7,
100.4, 59.2, 56.1, 55.6, 52.1, 49.2, 28.6; MS (70 eV) m/z
(%) 734.5 (M+(2Cl35), 20), 612.3 (100); Anal.
(C42H41Cl2N5O3Æ0.1H2O) C, H, N.

4.3.17. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-(3-methoxy-
benzyl)-butane-1,4-diamine (12). Yield: 65%, amorphous
powder. 1H NMR (CDCl3, 500 MHz) d: 8.02 (s, 2H),
7.96 (d, J = 9.3 Hz, 2H), 7.85 (d, J = 9.3 Hz, 2H), 7.35
(d, J = 9.3 Hz, 2H), 7.05–7.30 (m, 6H), 6.70–6.85 (m,
2H), 3.90 (s, 2H), 3.84 (m, 5H), 3.67 (m, 5H), 3.54 (s,
2H), 2.57 (m, 2H), 2.47 (m, 2H), 1.84 (m, 2H), 1.67
(m, 2H), 1.60 (m, 2H); 13C NMR (CDCl3, 125 MHz) d :
160.0, 156.3, 155.9, 151.0, 150.8, 147.3, 147.1, 144.9,
140.7, 140.6, 137.1, 135.9, 129.8, 129.6, 126.8,126.7,
125.0, 124.9, 124.8, 124.6, 124.2, 121.7, 121.5, 117.5,
116.9, 115.4, 115.1, 114.5, 113.5, 112.6, 101.0, 100.3,
59.3, 56.0, 56.1, 55.9, 54.0, 52.2, 50.3, 49.6, 29.8, 28.5,
24.5; MS (70 eV) m/z (%) 747.4 (M+(2Cl35), 23), 626.4
(20), 489.3 (100); Anal. (C43H43Cl2N5O3Æ0.1H2O) C,
H, N.

4.3.18. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-(2-methoxy-
benzyl)-propane-1,3-diamine (13). Yield: 66%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 7.95 (s,
2H), 7.90 (d, J = 9.4 Hz, 2H), 7.76 (d, J = 9.4 Hz, 2H),
7.25–7.30 (m, 4H), 7.11 (s, 2H), 6.97 (m, 2H), 6.85 (m,
1H), 6.72 (m, 1H), 3.70–3.73 (m, 10 H), 3.62 (s, 2H),
3.46 (s, 3H), 2.63 (m, 4H), 1.88 (m, 4H); 13C NMR
(CDCl3, 125 MHz) d: 163.0, 158.2, 155.8, 151.6, 145.7,
143.0, 136.6, 131.9, 129.5, 128.0, 125.6, 125.3, 125.0,
121.0, 120.8, 116.2, 113.5, 111.0, 101.6, 56.1, 55.3,
53.8, 52.7, 49.8, 27.6; MS (70 eV) m/z (%) 734.4
(M+(2Cl35)+1, 8), 612.3 (100); Anal. (C42H41Cl2N5

O3Æ0.25H2O) C, H, N.

4.3.19. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-(4-methoxy-
benzyl)-butane-1,4-diamine (14). Yield: 64%, amorphous
powder. 1H NMR (CDCl3, 500 MHz) d: 7.80–8.00 (m,
6H), 7.10–7.40 (m, 6H), 7.09 (d, J = 8.6 Hz, 2H), 6.76
(d, J = 8.6 Hz, 2H), 3.88 (s, 2H), 3.82 (m, 5H), 3.75 (s,
3H), 3.66 (m, 2H), 3.50 (s, 2H), 2.57 (m, 2H), 2.44 (m,
2H), 1.83 (m, 2H), 1.67 (m, 2H), 1.56 (m, 2H); 13C
NMR (CDCl3/DMSO-d6 = 20:1 (v/v), 125 MHz) d:
164.0, 159.1, 156.2, 155.8, 154.0, 151.7, 151.5, 146.6,
143.2, 143.0, 136.2, 136.1, 130.6, 130.4, 128.8, 126.0,
125.6, 125.2, 124.7, 124.4, 124.2, 123.5, 123.8, 121.2,
117.3, 116.5, 114.8, 114.0, 101.7, 100.9, 58.5, 56.2,
56.0, 55.6, 53.8, 51.8, 50.0, 49.7, 29.5, 28.0, 24.4; MS
(70 eV) m/z (%) 747.0.(M+(2Cl35), 25), 637.3 (100),
626.6 (40), 488.9 (43); Anal. (C43H43Cl2N5

O3Æ0.15H2O) C, H, N.

4.3.20. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-(2,3-dimethoxy-
benzyl)-propane-1,3- diamine (15). Yield: 60%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 7.96
(d, J = 9.3 Hz, 2H), 7.82 (d, J = 9.3 Hz, 2H), 7.35 (dd,
J = 9.3, 2.4 Hz, 2H), 7.14–7.18 (m, 4H), 6.89–6.93 (m,
1H), 6.81–6.83 (m, 2H), 4.13 (s, 3H), 3.83 (s, 6H), 3.78
(s, 3H), 3.74 (m, 4H), 3.68 (s, 2H), 2.62 (m, 4H), 1.87
(m, 4H); 13C NMR (CDCl3, 125 MHz) d: 156.0, 155.8,
153.0, 150.8, 148.0, 147.8, 135.4, 131.8, 130.5, 127.3,
125.1, 124.6, 124.2, 124.1, 122.9, 117.4, 115.2, 111.8,
100.9, 61.0, 56.0, 55.9, 52.2, 52.0, 49.5, 28.4; Ms
(70 eV) m/z (%) 764.7 (M+(Cl35Cl37)+1, 40), 709.3 (40),
692.1 (40), 612.4 (100); Anal. (C43H43Cl2N5O4Æ0.36H2O)
C, H, N.

4.3.21. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-(3,4,5-trimeth-
oxy-benzyl)-propane-1,3-diamine (16). Yield: 55%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 8.03 (s,
2H), 7.97 (d, J = 9.5 Hz, 2H), 7.86 (d, J = 9.5Hz, 2H),
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7.38 (m, 2H), 7.16–7.20 (m, 4H), 6.49 (s, 2H), 3.80, 3.82
(each s, 9H), 3.73 (t, J = 6.6 Hz, 4H), 3.71 (s, 6H), 3.55
(s, 2H), 2.61 (t, J = 6.6 Hz, 4H), 1.84 (m, 4H); MS
(70 eV) m/z (%) 793.1 (M+(3Cl35), 15), 778.3 (100); 13C
NMR (CDCl3, 125 MHz) d: 156.0, 153.6, 150.7, 146.5,
144.7, 137.5, 136.0, 134.1, 129.1, 126.2, 125.0, 124.8,
124.7, 117.0, 115.6, 106.3, 100.7, 59.8, 56.3, 56.2,
56.1, 52.1, 49.3, 28.2; Anal. (C44H45Cl2N5O5Æ0.3H2O)
C, H, N.

4.3.22. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N0-(4-chloro-
benzyl)-propane-1,3-diamine (17). Yield: 67%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 7.96 (s,
2H), 7.89 (d, J = 9.4 Hz, 2H), 7.77 (d, J = 9.4 Hz, 2H),
7.30 (m, 2H), 7.17 (d, J = 9.4 Hz, 2H), 7.00–7.16 (m,
6H), 3.77 (s, 6H), 3.62 (t, J = 6.6 Hz, 4H), 3.46 (s,
2H), 2.48 (t, J = 6.6 Hz, 4H), 1.76 (m, 4H); MS
(70 eV) m/z (%) 737.1 (M+(3Cl35), 5), 612.3 (100); 13C
NMR (CDCl3, 125 MHz) d: 156.0, 151.8, 145.1, 141.2,
137.0, 136.8, 133.7, 130.8, 129.0, 128.0, 125.4, 124.9,
124.5, 124.0, 116.2, 113.3, 101.6, 58.7, 56.1, 52.0, 48.8,
28.3; Anal. (C41H38Cl3N5O2Æ0.25H2O) C, H, N.

4.3.23. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-(2,4-difluoro-
benzyl)-propane-1,3- diamine (18). Yield: 70%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 7.98 (s,
2H), 7.92 (d, J = 9.40 Hz, 2H), 7.80 (d, J = 9.40 Hz,
2H), 7.34 (m, 4H), 7.00–7.15 (m, 5H), 6.71 (m, 2H),
3.79 (s, 6H), 3.64 (m, 4H), 3.58 (s, 2H), 2.52 (m, 4H),
1.79 (m, 4H); 13C NMR (CDCl3, 125 MHz) d: 155.8,
151.4, 145.7, 142.7, 136.5, 132.8, 128.0, 125.3, 125.1,
124.7, 124.5, 123.9, 116.4, 113.7, 111.6, 104.6, 104.3,
104.1, 101.3, 55.9, 52.0, 51.7, 48.9, 28.4; MS (70 eV)
m/z (%) 740.4 (M+(2Cl35) +1, 8), 612.3 (100); Anal.
(C41H37Cl2F2N5O2Æ0.15H2O) C, H, N.

4.3.24. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-furan-2-
ylmethyl-propane-1,3-diamine (19). Yield: 66%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 8.07(s,
2H), 7.90–8.00 (m, 4H), 7.46 (m, 2H), 7.40 (s, 1H),
7.30–7.20 (m, 4H), 6.40 (s, 1H), 6.26 (s, 1H), 3.95 (s,
6H), 3.87 (t, J = 6.5 Hz, 4H), 3.84 (s, 2H), 2.76 (t,
J = 6.50 Hz, 4H), 1.97 (m, 4H); 13C NMR (CDCl3,
125 MHz) d: 155.8, 151.4, 150.4, 147.9, 145.9, 142.8,
135.4, 130.6, 127.4, 124.7, 124.4, 124.1, 117.3, 115.0,
110.7, 109.9, 100.7, 55.9, 53.0, 50.8, 49.9, 28.5; MS
(70 eV) m/z (%) 693.4 (M+(2Cl35), 6), 614.3 (60), 612.3
(100); Anal. (C39H37Cl2N5O3Æ0.24H2O) C, H, N.

4.3.25. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-furan-2-
ylmethyl-butane-1,4-diamine (20). Yield: 63%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 7.85–
8.10 (m, 6H), 7.10–7.50 (m, 7H), 6.39 (s, 1H), 6.26 (s,
1H), 3.98 (m, 2H), 3.96 (s, 6H), 3.80 (m, 2H), 3.79 (s,
2H), 2.75 (m, 2H), 2.63 (m, 2H), 1.94 (m, 2H), 1.82
(m, 2H), 1.75 (m, 2H); 13C NMR (CDCl3, 125 MHz)
d: 179.2, 164.7, 156.2, 155.7, 153.0, 151.8, 151.3, 150.8,
147.2, 146.9, 144.9, 144.7, 142.7, 135.9, 129.7, 126.5,
125.2, 125.0, 124.9, 124.5, 124.3, 123.9, 117.4, 116.6,
114.8, 114.2, 110.7, 109.7, 101.6, 100.4, 56.0, 55.9,
54.4, 53.1, 50.9, 50.6, 50.1, 29.8, 27.8, 24.8; MS (70 eV)
m/z (%) 707.1 (M+(2Cl35), 4), 626.4 (2), 436.2 (100);
Anal. (C40H39Cl2N5O3Æ0.1H2O) C, H, N.

4.3.26. N-(5-Bromo-furan-2-ylmethyl)-N 0-(6-chloro-2-
methoxy-acridin-9-yl)-N -[3-(6-chloro-2-methoxy-acridin-
9-ylamino)-propyl]-propane-1,3-diamine (21). Yield: 65%,
amorphous powder. 1H NMR (CDCl3, 500 MHz) d:
8.02 (s, 2H), 7.95 (d, J = 9.5 Hz, 2H), 7.87 (d,
J = 9.5 Hz, 2H), 7.36 (d, J = 9.5 Hz, 2H), 7.22 (d,
J = 9.5 Hz, 2H), 7.14 (s, 2H), 6.87 (d, J = 3.65 Hz,
1H), 6.56 (d, J = 3.65 Hz, 1H), 3.86 (s, 6H), 3.71 (s,
2H), 3.68 (t, J = 6.6 Hz, 4H), 2.56 (t, J = 6.6 Hz, 4H),
1.80 (m, 4H); 13C NMR (CDCl3/DMSO-d6 = 20:1 (v/
v), 125 MHz) d: 176.6, 155.8, 153.7, 153.0, 142.8,
138.5, 138.0, 126.3, 125.3, 124.3, 123.5, 121.6, 115.1,
112.6, 112.3, 111.6, 102.4, 56.0, 52.4, 51.2, 48.6, 27.8;
MS (70 eV) m/z (%) 771.1 (M+(2Cl35Br79), 10), 625.2
(100), 612.1 (60); Anal. (C39H36BrCl2N5O3Æ0.2H2O) C,
H, N.

4.3.27. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-(5-ethyl-
furan-2-ylmethyl)-propane-1,3- diamine (22). Yield: 62%,
amorphous powder. 1H NMR (CDCl3, 500 MHz) d:
8.08, (s, 2H), 8.01 (d, J = 9.5 Hz, 2H), 7.97 (d,
J = 9.5 Hz, 2H), 7.42 (d, J = 9.5 Hz, 2H), 7.27 (s, 2H),
7.20 (d, J = 9.5 Hz, 2H), 6.12 (d, J = 3.0 Hz, 1H), 5.94
(d, J = 3.0 Hz, 1H), 3.89 (s, 6H), 3.83 (t, J = 6.5 Hz,
4H), 3.77 (s, 2H), 2.74 (t, J = 6.5 Hz, 4H), 2.48 (t,
J = 8.0 Hz, 2H), 1.95 (m, 4H), 1.34 (m, 3H); 13C NMR
(DMSO-d6, 125 MHz) d: 159.4, 157.0, 155.2, 150.8,
142.0, 138.5, 136.5, 134.4, 129.2, 125.4, 122.1, 120.2,
119.1, 117.1, 109.9, 105.8, 105.2, 56.4, 51.6, 50.2, 48.7,
28.6, 21.5, 12.8; MS (70 eV) m/z (%) 721.0 (M+(2Cl35),
10), 625.2 (100), 612.1 (60); Anal. (C41H41Cl2N5O3Æ0.15-
H2O) C, H, N.

4.3.28. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-furan-3-
ylmethyl-propane-1,3-diamine (23). Yield: 70%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 7.99 (s,
1H), 7.97 (d, J = 9.5 Hz, 2H), 7.80–7.90 (m, 5H), 7.30–
7.40 (m, 4H), 7.16 (m, 2H), 6.24 (s, 1H), 3.82 (s, 6H),
3.73 (m, 4H), 3.55 (s, 2H), 2.59 (t, J = 6.6Hz, 4H),
1.85 (m, 4H). MS (70 eV) m/z (%) 693.2 (100), 614.1
(63), 611.8 (100); 13C NMR (CDCl3, 125 MHz) d:
154.4, 151.8, 142.4, 141.0, 140.2, 136.9, 136.6, 124.9,
123.9, 122.5, 122.0, 119.9, 119.5, 113.5, 110.3, 109.9,
101.2, 54.6, 50.4, 47.7, 47.1, 26.4; MS (70 eV) m/z (%)
693.2 (M+(2Cl35); Anal. (C39H37Cl2N5O3Æ0.2H2O) C,
H, N.

4.3.29. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-furan-
3-ylmethyl-butane-1,4-diamine (24). Yield: 68%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 7.80–
8.00 (m, 6H), 7.10–7.40 (m, 8H), 6.23 (s, 1H), 3.86 (s,
6H), 3.82 (m, 2H), 3.65 (m, 2H), 3.50 (s, 2H), 2.57 (m,
2H), 2.45 (m, 2H), 1.81 (m, 2H), 1.67 (m, 2H), 1.57
(m, 2H); 13C NMR (CDCl3/DMSO-d6 = 20 :1 (v/v),
125 MHz) d : 156.4, 156.1, 155.7, 151.2, 150.9, 147.8,
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146.5, 146.2, 143.4, 141.1, 135.4, 135.3, 130.5, 130.2,
127.2, 126.9, 125.4, 125.3, 124.8, 124.3, 124.1, 123.6,
121.3, 117.9, 117.0, 116.0, 114.6, 111.6, 101.3, 100.5,
56.0, 55.9, 53.7, 51.9, 50.3, 49.9, 48.6, 29.6, 28.0, 24.4;
MS (70 eV) m/z (%): 707.5 (M+(2Cl35), 100), 626.1
(20), 636.4 (60), 545.3 (40), 522.0 (27), 493.1(60), 466.0
(80), 450.1 (100); Anal. (C40H39Cl2N5O3Æ0.1H2O) C,
H, N.

4.3.30. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-thiophen-3-
ylmethyl-propane-1,3-diamine (25). Yield: 63%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 8.00 (s,
2H), 7.94 (d, J = 9.4 Hz, 2H), 7.84 (d, J = 9.40Hz, 2H)
7.35 (m, 2H), 7.22 (m, 2H), 7.16 (m, 2H), 7.03 (s, 1H),
6.91 (s, 1H), 3.81 (s, 6H), 3.70 (t, J = 6.3 Hz, 4H), 3.65
(s, 2H), 2.57 (t, J = 6.3 Hz, 2H), 1.81 (m, 4H); 13C
NMR (CDCl3/DMSO-d6 = 20:1 (v/v), 125 MHz) d:
160.6, 155.4, 152.8, 150.8, 148.4, 146.2, 140.0, 135.4,
132.2, 129.9, 129.1, 128.7, 125.6, 122.3, 119.9, 116.4,
105.6, 60.7, 56.8, 54.3, 53.4, 33.1; MS (70 eV) m/z (%)
709.0 (M+(2Cl35), 10), 612.3 (10), 450.8 (30), 438.2
(60), 410.1 (100); Anal. (C39H37Cl2N5O2SÆ0.16H2O) C,
H, N.

4.3.31. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-thio-
phen-2-ylmethyl-butane-1,4-diamine (26). Yield: 63%,
amorphous powder. 1H NMR (CDCl3, 500 MHz) d:
8.00 (d, J = 3.5 Hz, 1H), 7.99–7.80 (m, 4H), 7.36 (m,
2H), 7.26–7.00 (m, 6H), 6.91 (s, 1H), 3.87 (m, 8H),
3.79 (s, 2H), 3.63 (m, 2H), 2.57 (m, 2H), 2.47 (m, 2H),
1.81 (m, 2H), 1.67 (m, 2H), 1.55 (m, 2H); 13C NMR
(CDCl3/DMSO-d6 = 20:1 (v/v), 125 MHz) d: 156.3,
155.9, 150.6, 150.4, 148.3, 148.2, 146.4, 141.8, 135.3,
131.1, 131.0, 127.9, 127.8, 127.1, 126.6, 125.3, 125.0,
124.8, 124.6, 124.5, 124.1, 118.1, 117.5, 115.9, 115.2,
100.8, 99.9, 55.9, 53.7, 53.0, 51.9, 50.6, 49.5, 29.8, 28.5,
24.6; MS (70 eV) m/z (%) 723.2 (M+(2Cl35), 57), 626.0
(58), 464.9 (100); Anal. (C40H39Cl2N5O2SÆ0.26H2O) C,
H, N.

4.3.32. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-thio-
phen-3-ylmethyl-butane-1,4-diamine (27). Yield: 61%,
amorphous powder. 1H NMR (CDCl3, 500 MHz) d:
8.09 (m, 2H), 8.03 (m, 2H), 7.96 (m, 2H), 7.25–7.50
(m, 7H), 7.10 (s, 1H), 7.00 (s, 1H), 3.94 (s, 3H), 3.92
(s, 3H), 3.83 (m, 2H), 3.67 (m, 2H), 3.65 (s, 2H), 2.59
(m, 2H), 2.48 (m, 2H), 1.84 (m, 2H), 1.70 (m, 2H),
1.58 (m, 2H); 13C NMR (CDCl3/DMSO-d6 = 20:1
(v/v), 125 MHz) d: 161.5, 156.2, 155.8, 151.3, 151.0,
147.4, 147.2, 139.2, 135.8, 135.7, 129.8, 128.7, 126.9,
126.6, 126.2, 125.4, 125.3, 125.0, 124.5, 124.4, 123.9,
123.4, 118.0, 117.8, 116.9, 115.3, 114.5, 101.4, 100.6,
56.0, 54.0, 53.5, 52.1, 50.3, 49.9, 29.7, 28.2, 24.5; MS
(70 eV) m/z (%) 723.4 (M+(2Cl35), 47), 626.5 (20),
465.2 (100); Anal. (C40H39Cl2N5O2SÆ0.2H2O) C, H, N.

4.3.33. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chlo-
ro-2-methoxy-acridin-9-ylamino)-propyl]-N0-(5-bromo-thio-
phen-2-ylmethyl)-propane-1,3-diamine (28). Yield: 62%,
amorphous powder. 1H NMR (CDCl3, 500 MHz) d:
8.00 (s, 2H), 7.93 (d, J = 9.4 Hz, 2H), 7.85 (d,
J = 9.4 Hz, 2H), 7.35 (m, 2H), 7.10–7.25 (m, 4H), 6.86
(d, J = 3.6 Hz, 1H), 6.55 (d, J = 3.6 Hz, 1H), 3.84 (s,
6H), 3.70 (t, J = 6.6 Hz, 4H), 2.54 (t, J = 6.6 Hz, 4H),
1.78 (m, 4H); 13C NMR (CDCl3, 125 MHz) d: 179.0,
171.6, 164.1, 156.0, 150.5, 147.2, 143.6, 135.8, 129.0,
127.5, 125.2, 124.4, 122.7, 117.3, 114.9, 109.7, 100.6,
56.0, 53.1, 51.8, 48.8, 28.8; MS (ESI) m/z (%) 786.5
(M+(2Cl35Br79), 100); Anal. (C39H36BrCl2N5O2SÆ0.16-
H2O) C, H, N.

4.3.34. N-(6-Chloro-2-methoxy-acridin-9-yl)-N0-[3-(6-chloro-
2-methoxy-acridin-9-ylamino)-propyl]-N 0-(4-bromo-thio-
phen-2-ylmethyl)-propane-1, 3-diamine (29). Yield: 63%,
amorphous powder. 1H NMR (CDCl3, 500 MHz) d:
7.95 (s, 2H), 7.88 (d, J = 9.5 Hz, 2H), 7.77 (d,
J = 9.5 Hz, 2H), 7.30 (m, 2H), 7.12 (m, 2H), 7.00–
7.15 (m, 3H), 6.72 (s, 1H), 3.79 (s, 6H), 3.70 (s, 2H),
3.64 (t, J = 6.5 Hz, 4H), 2.53 (t, J = 6.5 Hz, 4H), 1.77
(m, 2H); 13C NMR (CDCl3/DMSO-d6 = 20:1 (v/v),
125 MHz) d: 177.0, 164.0, 156.1, 147.0, 143.7, 139.8,
137.0, 128.9, 124.8, 124.6, 124.5, 122.6, 120.0, 117.7,
115.5, 109.6, 100.6, 56.0, 53.1, 51.8, 49.0, 28.9; MS
(70 eV) m/z (%) 786.5 (M+(2Cl35Br79), 10), 612.1 (15),
517.8 (60), 490.0 (100); Anal. (C39H36BrCl2N5O2SÆ0.23-
H2O) C, H, N.

4.3.35. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-(3-meth-
yl-thiophen-2-ylmethyl)-propane-1, 3-diamine (30). Yield:
62%, amorphous powder. 1H NMR (CDCl3, 500 MHz)
d: 8.01 (s, 2H), 7.94 (d, J = 9.2 Hz, 2H), 7.82 (d,
J = 9.2 Hz, 2H), 7.35 (m, 2H), 7.10–7.20 (m, 4H), 7.08
(d, J = 5.1 Hz, 1H), 6.76 (d, J = 5.1 Hz, 1H), 3.83 (s,
6H), 3.71 (t, J = 6.5 Hz, 4H), 3.68.(s, 2H), 2.58 (t,
J = 6.5 Hz, 4H), 2.10 (s, 3H), 1.81 (m, 4H); 13C NMR
(CDCl3, 125 MHz) d: 156.1, 150.0, 148.5, 146.9, 142.0,
135.5, 135.2, 131.6, 130.6, 128.4, 124.6, 124.5, 124.4,
123.7, 118.0, 115.9, 100.1, 55.9, 52.1, 51.7, 49.1,
29.1, 14.3; MS (70 eV) m/z (%) 724.2 (M+(2Cl35+1),
10), 612.4 (100); Anal. (C40H39Cl2N5O2SÆ0.2H2O) C,
H, N.

4.3.36. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-pyridin-2-
ylmethyl-propane-1,3-diamine (31). Yield: 61%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 8.51 (s,
1H), 8.06 (s, 2H), 7.90–8.00 (m, 4H), 7.57 (m, 1H),
7.40 (m, 2H), 7.00–7.20 (m, 6H), 3.84 (s, 6H), 3.83 (s,
2H), 3.73 (t, J = 5.4 Hz, 4H), 2.73 (t, J = 5.7 Hz, 4H),
1.92 (m, 4H); 13C NMR (DMSO-d6, 125 MHz) d:
160.1, 155.8, 151.3, 149.3, 148.8, 148.6, 146.5, 136.7,
134.3, 131.2, 127.5, 127.3, 124.8, 123.1, 122.6, 117.8,
115.2, 101.5, 60.3, 56.3, 51.9, 48.5, 28.7; MS (70 eV)
m/z (%) 704.6 (M+(2Cl35), 50), 612.1 (100); Anal.
(C40H38Cl2N6O2Æ0.3H2O) C, H, N.

4.3.37. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0-pyridin-
3-ylmethyl-propane-1,3-diamine (32). Yield: 65%, amor-
phous powder. 1H NMR (CDCl3, 500 MHz) d: 8.46 (s,
2H), 7.92 (s, 2H), 7.90 (m, 2H), 7.80 (m, 2H), 7.50–
7.00 (m, 8H), 3.79 (s, 6H), 3.63 (t, J = 6.70 Hz, 4H),



S.-S. Wang et al. / Bioorg. Med. Chem. 15 (2007) 735–748 747
3.52 (s, 2H), 2.51 (t, J = 6.70 Hz, 4H), 1.80(m, 4H); 13C
NMR (CDCl3/DMSO-d6 = 20:1 (v/v), 125 MHz) d:
155.6, 151.4, 150.0, 148.4, 146.8, 144.0, 136.4, 135.3,
134.2, 128.7, 126.0, 125.7, 124.5, 123.3, 123.2, 117.1,
114.3, 101.2, 55.8, 55.7, 51.1, 48.3, 28.1; MS (70 eV) m/
z (%) 705.3 (M+(2Cl35) +1, 17), 621.1 (100), 612.3 (60),
462.1 (55); Anal. (C40H38Cl2N6O2Æ0.35H2O) C, H, N.

4.3.38. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0(2,2-di-
methyl-1,3-dioxolan-4-ylmethyl-propane-1,3-diamine
(33). The title compound was prepared by the reductive
amination of N-(6-chloro-2-methoxy-acridin-9-yl)-N 0-
[3-(6-chloro-2-methoxy-acridin-9-ylamino)-propyl]-pro-
pane-1,3-diamine and (R)-2,3-isopropylideneglyceralde-
hyde. Yield: 64%, amorphous powder. 1H NMR
(CDCl3, 500 MHz) d: 7.90–8.10 (m, 6H), 7.40 (m, 2H),
7.10–7.25 (m, 4H), 4.28 (m, 1H), 4.00 (m, 1H), 3.86 (s,
6H), 3.76 (s, 4H), 3.51 (m, 1H), 1.33 (s, 3H), 1.25 (s,
3H); 13C NMR (CDCl3, 125 MHz) d: 156.6, 156.2,
154.3, 127.0, 126.7, 126.4, 125.8, 124.2, 123.8, 114.7,
109.7, 103.3, 101.3, 78.0, 56.3, 54.2, 52.7, 45.9, 27.6,
27.3, 25.8; MS (70 eV) m/z (%) 727.4 (M+(2Cl35), 10),
475.3 (20), 113.2 (100); Anal. (C40H43Cl2N5O4Æ0.3H2O)
C, H, N.

4.3.39. 3-{Bis-[3-(6-chloro-2-methoxy-acridin-9-ylamino)-
propyl]-amino}-propane-1,2-diol (34). The title com-
pound was prepared from compound 33 by hydrolysis
(90% CF3CO2H), room temperature), followed by neu-
tralization. Yield: 72%, amorphous powder. 1H NMR
(methanol-d4, 200 MHz) d: 8.00 (d, J = 9.2 Hz, 2H),
7.40–7.51 (m, 4H), 7.10–7.20 (m, 4H), 6.98–7.03 (d,
J = 9.2 Hz, 2H), 3.82 (m, 4H), 3.78 (s, 6H), 3.63 (m,
1H), 3.50 (m, 2H), 2.60–2.80 (m, 4H), 1.90 (m, 4H);
13C NMR (CDCl3, 125 MHz) d: 162.9, 156.6, 151.0,
132.5, 130.4, 127.5, 126.6, 125.4, 125.2, 124.6, 118.3,
105.2, 99.8, 78.0, 71.0, 62.9, 56.2, 46.1, 35.6, 31.5; MS
(70 eV) m/z (%) 677.3 (M+(2Cl35), 60), 465.2
(80), 421.2 (100); Anal. (C37H39Cl2N5O4Æ0.43H2O) C,
H, N.

4.3.40. N-(6-Chloro-2-methoxy-acridin-9-yl)-N 0-[3-(6-
chloro-2-methoxy-acridin-9-ylamino)-propyl]-N 0(2,2,20,2 0-
tetramethyl-[4,4 0]bi[1,3]-dioxolanyl)-5-ylmethyl)-propane-
1,3-diamine (35). The title compound was prepared by
the reductive amination of N-(6-chloro-2-methoxy-
acridin-9-yl)-N 0-[3-(6-chloro-2-methoxy-acridin-9-yla-
mino)-propyl]-propane-1,3-diamine and a mannitol-de-
rived diketalaldehyde (2,2,2 0,2 0-tetramethyl-[4,4 0]bi[1,3]-
dioxolanyl)-5- carbaldehyde). The diketal aldehyde is de-
scribed in Wu and Wu, 1993.34 Yield: 55%, amorphous
powder. 1H NMR (CDCl3, 500 MHz) d: 8.09 (m, 2H),
7.88–8.06 (m, 4H), 7.30 (m, 2H), 7.18 (m, 2H), 7.06–
7.12 (m, 2H), 4.09–4.14 (m, 2H), 3.92 (m, 3H), 3.79 (s,
6H), 3.73 (m, 4H), 3.43 (m, 1H), 2.92 (m, 1H), 2.72 (m,
4H), 1.86 (m, 4H), 1.34, 1.30, 1.22, 1.16 (each s, 12 H);
13C NMR (CDCl3, 125 MHz) d: 155.7, 150.7, 147.4,
135.5, 130.0, 126.8, 125.3, 124.3, 123.9, 117.1, 114.7,
110.1, 101.1, 80.0, 79.1, 73.0, 71.6, 70.8, 77.3, 68.3,
62.0, 56.0, 53.5, 49.7, 28.3, 27.7, 27.5, 27.4, 27.1; MS
(ESI) m/z (%) 828 (M+(2Cl35)+1, 25), 415 (100); Anal.
(C45H51Cl2N5O6Æ0.4H2O) C, H, N.
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